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UNIVERSITY OF SURREY
R e g u l a t i o n s  f o r  H i g h e r  D e g r e e s :  C o p y r i g h t
P r e a m b l e  +
D i s s e m i n a t i o n  o f  k n o w l e d g e  i s  o n e  o f  t h e  o b j e c t s  o f  t h e  U n i v e r s i t y .  T h e r e f o r e
M e m b e r s  o f  t h e  U n i v e r s i t y  a n d  o t h e r s  w h o  s u b m i t  t h d s e s / d i s s e r t a t i o n s  f o r  h i g h e r  d e g r e e s
a r e  e x p e c t e d  t o  r e l i n q u i s h  t o  t h e  U n i v e r s i t y  c e r t a i n  r i g h t s  o f  r e p r o d u c t i o n  a n d  d i s t r i b u t i o n .
M o r e o v e r  i t  i s  r e c o g n i s e d  t h a t  a p p l i c a n t s  o w e  a  d u t y  t o  t h e i r  D e p a r t m e n t s  o f  s t u d y ,  t h e
A c a d e m i c  S t a f f  a n d  s p o n s o r i n g  b o d i e s  f o r  t h e i r  r e s p e c t i v e  c o n t r i b u t i o n s  t o  t h e  r e s e a r c h .
W i t h i n  t h e  l i m i t s  o f  t h e s e  r e q u i r e m e n t s ,  t h e  a u t h o r ' s f  c o p y r i g h t  i s  s a f e g u a r d e d .  '
R e g u l a t i o n s  - • -  -
1 .  W h e n  s u b m i t t i n g  a  t h e s i s / d i s s e r t a t i o n  f o r  t h e  p u r p o s e s  o f  a  h i g h e r  d e g r e e  t h e  
a p p l i c a n t  s h a l l  s i g n  a n  i r r e v o c a b l e  a u t h o r i t y  i n  p r e s c r i b e d  f o r m  a p p o i n t i n g  t h e  
L i b r a r i a n  h i s  a t t o r n e y  w i t h  t h e  r i g h t  t o  r e p r o d u c e  t h e  t h e s i s / d i s s e r t a t i o n  b y  
p h o t o c o p y  o r  i n  m i c r o f i l m  a n d  t o  d i s t r i b u t e  c o p i e s  t o  t h o s e  i n s t i t u t i o n s  o r  p e r s o n s  
w h o  i n  t h e  L i b r a r i a n ’s  o p i n i o n  r e q u i r e  t h e m  f o r  a c a d e m i c  ( a s  d i s t i n c t  f r o m
* c o m m e r c i a l )  p u r p o s e s .
2 .  T h e  L i b r a r i a n  i n  c o n s u l t a t i o n  w i t h  t h e  a p p r o p r i a t e  D e p a r t m e n t  o f  s t u d y  o r  
s p o n s o r i n g  b o d y  s h a l l  h a v e  t h e  r i g h t  t o  r e f u s e  t o  p r o v i d e  c o p i e s ,  o r  t o  i m p o s e  
s u c h  c o n d i t i o n s  a s  h e  t h i n k s  f i t  o n  t h e  p r o v i s i o n  o f  c o p i e s ,  w i t h  t h e  o b j e c t  o f  
s a f e g u a r d i n g  t h e  a p p l i c a n t ' s  c o p y r i g h t  a n d  t h e  i n t e r e s t s  o f  t h e  U n i v e r s i t y  a r id  t h e  
s p o n s o r i n g  b o d y .
3 .  T h e s e  R e g u l a t i o n s  a r e  s u b j e c t  t o  r e q u i r e m e n t s  o f  a n y  b o d y  u n d e r  w h o s e  
s p o n s o r s h i p  t h e  r e s e a r c h  p r o j e c t  g i v i n g  r i s e  t o  t h e  t h e s i s / d i s s e r t a t i o n  i s
c a r r i e d  o n .
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D i s s e m i n a t i o n  o f  k n o w l e d g e  i s  o n e  o f  t h e  o b j e c t s  o f  t h e  U n i v e r s i t y .  T h e r e f o r e  
M e m b e r s  o f  t h e  U n i v e r s i t y  a n d  o t h e r s  w h o  s u b m i t  t h e s e s / d i s s e r t a t i o n s  f o r  h i g h e r  d e g r e e s  
a r e  e x p e c t e d  t o  r e l i n q u i s h  t o  t h e  U n i v e r s i t y  c e r t a i n  r i g h t s  o f  r e p r o d u c t i o n  a n d  d i s t r i b u t i o n
M o r e o v e r  i t  i s  r e c o g n i s e d  t h a t  a p p l i c a n t s  o w e  a  d u t y  t o  t h e i r  D e p a r t m e n t s  o f  s t u d y ,  t h e  
A c a d e m i c  S t a f f  a n d  s p o n s o r i n g  b o d i e s  f o r  t h e i r  r e s p e c t i v e  c o n t r i b u t i o n s  t o  t h e  r e s e a r c h .  
W i t h i n  t h e  l i m i t s  o f  t h e s e  r e q u i r e m e n t s ,  t h e  a u t h o r ' s  c o p y r i g h t  i s  s a f e g u a r d e d .
R e g u l a t i o n s
1 .  W h e n  s u b m i t t i n g  a  t h e s i s / d i s s e r t a t i o n  f o r  t h e  p u r p o s e s  o f  a  h i g h e r  d e g r e e  t h e  
a p p l i c a n t  s h a l l  s i g n  a n  i r r e v o c a b l e  a u t h o r i t y  i n  p r e s c r i b e d  f o r m  a p p o i n t i n g  t h e  
L i b r a r i a n  h i s  a t t o r n e y  w i t h  t h e  r i g h t  t o  r e p r o d u c e  t h e  t h e s i s / d i s s e r t a t i o n  b y  
p h o t o c o p y  o r  i n  m i c r o f i l m  a n d  t o  d i s t r i b u t e  c o p i e s  t o  t h o s e  i n s t i t u t i o n s  o r  p e r s o n s  
w h o  i n  t h e  L i b r a r i a n ' s  o p i n i o n  r e q u i r e  t h e m  f o r  a c a d e m i c  ( a s  d i s t i n c t  f r o m
- c o m m e r c i a l )  p u r p o s e s .
2 .  T h e  L i b r a r i a n  i n  c o n s u l t a t i o n  w i t h  t h e  a p p r o p r i a t e  D e p a r t m e n t  o f  s t u d y  o r  
s p o n s o r i n g  b o d y  s h a l l  h a v e  t h e  r i g h t  t o  r e f u s e  t o  p r o v i d e  c o p i e s ,  o r  t o  i m p o s e  
s u c h  c o n d i t i o n s  a s  h e  t h i n k s  f i t  o n  t h e  p r o v i s i o n  o f  c o p i e s ,  w i t h  t h e  o b j e c t  o f  
s a f e g u a r d i n g  t h e  a p p l i c a n t ' s  c o p y r i g h t  a n d  t h e  i n t e r e s t s  o f  t h e  U n i v e r s i t y  a n d  t h e  
s p o n s o r i n g  b o d y .
3 .  T h e s e  R e g u l a t i o n s  a r e  s u b j e c t  t o  r e q u i r e m e n t s  o f  a n y  b o d y  u n d e r  w h o s e  
s p o n s o r s h i p  t h e  r e s e a r c h  p r o j e c t  g i v i n g  r i s e  t o  t h e  t h e s i s / d i s s e r t a t i o n  i s
c a r r i e d  o n .
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S U K M A R T
A s t u d y  o f  t h e  m i c r o o r g a n i s m s  c o l o n i s i n g  p r u n i n g  w o u n d s  o n  m a t u r e  
o a k s  ( l u e r c u s  r o b u r ) h a s  b e e n  m a d e *  T h e  w o u n d s  w e r e  a p p r o x i m a t e l y  
8 "  d i a m e t e r  a n d  t h e  t y p e  l i k e l y  t o  o c c u r  o n  t r e e s  o f  a m e n i t y  v a l u e  
i n  p a r k l & n d s  a n d  s i m i l a r  s i t e s *  w h e r e  l a r g e  l i m b s  h a v e  b e e n  r e m o v e d  d u e  
t o  t h e i r  b e i n g  u n s a f e *  d i s e a s e d  o r  c a u s i n g  o b s t r u c t i o n *
T h e r e  w o u ld  a p p e a r  t o  b e  a  d e f i n i t e  s u c c e s s i o n  o c c u r r i n g  o n  o a k s *
I n  t h e  i n i t i a l  s t a g e  t h e r e  w a s  a  d e e p  b l u e  / g r e e n  d i s c o l o u r a t i o n *  
p r i m a r i l y  o f  t h e  s a p w o o d *  O r g a n i s m s  c o n s i s t e n t l y  i s o l a t e d  a t  t h i s  
s t a g e  i n c l u d e d  s p e c i e s  o f  P g & s U l J j a B *  A u r e o b a a l d i u a u  C l a d o s p o r i u m .
i a t o t i a . #  K p I c o c c u i b . B asA U L ug  a n d  a  r a n g e  o f  G ram  -  
n e g a t i v e  r o d s *  T h e s e  p i o n e e r  c o l o n i s t s  a r e  a s s u m e d  t o  h a v e  o r i g i n a t e d  
f r o m  t h e  a i r *  T h e y  w e r e  c h a r a c t e r i s t i c  o f  b o t h  t h e  h e a r t w o o d  a n d  s a p -  
w o o d  a n d  w e r e  i s o l a t e d  f r o m  b o t h  s u r f a c e  a n d  s u b - s u r f a c e  s a m p l e s *  A f t e r  
o n e  m o n th *  a p o r i n g  f u n g i  w e r e  v i s i b l e  o n  t h e  w o u n d  f a c e  a n d  i n  so m e  
c a s e s  a s s o c i a t e d  w i t h  i n t e n s e  b l u e i n g  a n d  b l e e d i n g  o f  t h e  e x p o s e d  
f a c e .
S u c c e s s i o n a l  c h a n g e s  f o l l o w e d  t h e  e s t a b l i s h m e n t  o f  p i o n e e r  c o l o n i s t s  
a n d  a f t e r  tw o  m o n t h s  s p e c i e s  o f  a n d  fM & lP J if e & r a  b e c a m e  m o r e
p r e v a l e n t .  T h e  n e x t  o r g a n i s m s  t o  a p p e a r  i n c l u d e d  s p e c i e s  o f
a n d  r e p r e s e n t a t i v e s  o f  t h e  M 3& er.9 .P g4 ,d& IftP . a n d  f fy .q .g J la  
S t e r i l i f c ,  . p a r t i c u l a r l y  S & u a a a i  fa lH U ltM ffl d i d  n o t  a p p e a r
u n t i l  t h e  w o u n d  w a s  1 0  m o n t h s  o l d *  S p o r e s  o f  S .  h i r s u t u m  h a v e  b e e n  
s h o w n  t o  g e r m i n a t e  w e l l  o n  o l d e r  w o u n d  t i s s u e  ( 7 9 $  g e r m i n a t i o n  r a t e )  
b u t  p o o r l y  o n  f r e s h l y  e x p o s e d  w o u n d  s u r f a c e s .  B a c t e r i a  w e r e  c u l t u r e d  
f r e q u e n t l y  f r o m  a l l  a g e s  a n d  t y p e s  o f  w o u n d s *
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A l t h o u g h  f o r e s t  p a t h o l o g y  h a d  a n  e a r l y  b e  i n n i n g ,  I t  w a s  n o t  r e ­
c o g n i s e d  a s  a  s c i e n c e  u n t i l  t h e  l a t t e r  h a l f  o f  t h e  e i g h t e e n t h  c e n t u r y .
I n  C e n t r a l  E u r o p e  t h e  s c i e n c e  o f  f o r e s t r y  d e v e l o p e d  a n d  r e a c h e d  a  h i g h e r  
l e v e l  t h a n  i n  a n y  o t h e r  a r e a .  B y  t h e  l a t t e r  h a l f  o f  t h e  n i n e t e e n t h  
c e n t u r y  a n  i n c r e a s i n g  p o p u l a t i o n  c a u s e d  r e u t  c o n c e r n  f o r  c o n s e r v a t i o n  
a n d  b e t t e r  u t i l i s a t i o n  o f  w o o d .  M y c o l o g i s t s  w e r e  b e c o m i n g  b e t t e r  
a c q u a i n t e d  w i t h  p l a n t  p a r a s i t i o  h y m e n o m y c e t e s ,  a n d  t h e  b a e i o  p r i n c i p l e s  
o f  p l a n t  p a t h o l o g y  w e r e  d e v e l o p i n g  r a p i d l y .  F o r e s t  p a t h o l o g y  e m e r g e d  a e  
a  s c i e n c e  t h r o u g h  a l l  t h e s e  e v e n t s  o c o u r i n g  a t  a p p r o x i m a t e l y  t h e  s a m e  t i m e  
a n d  p l a c e .
T h e  a c c u m u l a t i o n  o f  k n o w l e d g e  d u r i n g  t h e  l a s t  d e c a d e  h a s  b e e n  
p h e n o m e n a l  a n d  t h e  c o n c e p t  o f  d e c a y  a s  o u t l i n e d  b y  R o b e  t  B a r t i g  t o  I n c l u d e  
a  w o u n d ,  a  f u n g u s  ( h y m e n o m y c e t e  )  a n d  d e c a y  m u s t  now  t a k e  i n t o  c o n s i d e r a t i o n ,  
t h e  r e s p o n s e  o f  t h e  t r e e  t o  i n j u r y ,  m i c r o o r g a n i s m s  o t h e r  t h a n  K y m e n o m y o e te s ,  
a n d  e n v i r o n m e n t .  S om e s t u d i e s  h a v e  g i v e n  i n f o r m a t i o n  o n  s u c c e s s i o n s  o f  
m i o r o o r g a n i s B i s  f o l l o w i n g  w o u n d in g  b u t  i t  i s  v e r y  u n l i k e l y  t h a t  a  s i m i l a r  
s u c c e s s i o n  f o l l o w s  e v e r y  t y p e  o f  w o u n d  o n  a l l  s p e c i e s  o f  t r t ? e s .  W o u n d s 
s t u d i e d  h a v e  i n c l u d e d  t h o s @ i n f l i c t e d  t h r o u g h  g e n e r a l  m e c h a n i c a l  p r a c t i c e s ,  
i n c r e m e n t  b o r i n g s ,  i n o c u l a t i o n s ,  s i l v i c u l t u r a l  p r a c t i c e s ,  f i r e  d a m a g e ,  a n d  
t h o s e  d u e  t o  n a t u r a l  b r a n c h  s h e d d i n g ,  a l l  p r o v i d i n g  s i g n i f i c a n t  i n f e c t i o n  
c o u r t s .  T h e r e  i s  l i t t l e  d o u b t  t h a t  s u c c e s s i o n s  o f  m i c r o o r g a n i s m s  o c c u r  
I n  t h e  p r o c e s s e s  w h ic h  b e g i n  w i t h  w o u n d in g  a n d  e n d  w i t h  c o m p l e t e  d e c o m ­
p o s i t i o n  o f  t h s  w o o d .  I n  so m e  o a s e s ,  b a c t e r i a  a n d  n o n - h y m e n o m y e e to u s  f u n g i  
m ay  b e  t h e  p i o n e e r s .  I n  o t h e r  o a s e s ,  h y m e n o m y o e te s  m ay  b e  t h e  p i o n e e r s .
A l l  t h e s e  o r g a n i s m s  m u s t  b e  c o n s i d e r e d  i n  s t u d i e s  o n  d i s c o l o r a t i o n  a n d  d e c a y .
T h e  p u r p o s e  o f  t h e  p r e s e n t  r e s e a r c h  i s  t o  c l a r i f y  t h e  s e q u e n c e  o f  
e v e n t s  a n d  s u c c e s s i o n  o f  m i c r o o r g a n i s m s  t h a t  f o l l o w  w o u n d in g  o n  m a t u r e  o a k s ,  
Q u e r c u s  r 0 b u r  • T lie  w o u n d s  s t u d i e d  a r e  t h o s e  w h i c h  o c c u r  w h e n  l a r g e  
l i m b s  a r e  r e m o v e d  b e c a u s e  t h e y  a r e  u n s a f e ,  d e a d ,  o r  d i s e a s e d ,  o v e r c r o w d e d ,  
o r  o b s t r u c t i n g  o v e r h e a d  c a b l e s .  S i n c e  p r a c t i c a l l y  a l l  t h e  f u n g i ,  w h ic h  
c a u s e  h e a r t  r o t  i n  s t a n d i n g  b r o a d - l e a v e d  t r e e s  a r e  w o u n d  p a r a s i t e s ,  t h e  
p r e v e n t i o n  o f  h e a r t  r o t  i s  a l m o s t  e n t i r e l y  d e p e n d e n t  u p o n  t h e  a v o i d a n c e  
o f  w o u n d s ,  p a r t i c u l a r l y  l a r g e  w o u n d s  w h ic h  e x p o s e  h e a r t w o o d .  S e r i o u s  
w o u n d s  a r e  m o s t  l i k e l y  t o  o c c u r  i n  t r e e s  p o s s e s s i n g  l a r g e  h e a v y  s i d e -  
b r a n c h e s ,  a n d  t h e  f o r m  o f  t h e  t r e e  i s  t h u s  a n  i m p o r t a n t  f a c t o r  i n  d e t e r m i n i n g  
i t ’ s  l i a b i l i t y  t o  i n j u r y .  T h e  w o u n d s  s t u d i e d ,  i n  t h e  p r e s e n t  r e s e a r c h ,  a r e  
s i m i l a r  t o  t h o s e  c o m m o n ly  m a d e  o n  o a k s  o f  a m e n i t y  v a l u e  i n  p a r k l a n d s  a n d  
g r o u n d s .  A n a t t e m p t  h a s  b e e n  m a d e  t o  s t u d y  t h e  s u c c e s s i o n  o f  i n v a d i n g  
o r g a n i s m s .
I n  I s o l a t i n g  f r o m  w o o d ,  c u l t u r e  m e d i a  m u s t  b e  u s e d  t h a t  s u p p o r t  t h e  
g r o w t h  o f  a  w id e  r a n g e  o f  m i c r o o r g a n i s m s  a n d  t e c h n i q u e s  u s e d  t o  e n s u r e  t h a t  
t h e  p r o p e r  e n v i r o n m e n t  f o r  g r o w t h  o f  t h o s e  o r g a n i s m s  i s  m a i n t a i n e d  i n  
c u l t u r e .  G r a n t  a n d  S a v o r y  ( 1 9 6 9 )  h a v e  p u b l i s h e d  a  c o m p i l a t i o n  o f  n o t e s ,  
i n s t r u c t i o n s  a n d  r e f e r e n c e s  o n  m e t h o d s  f o r  i s o l a t i o n  a n d  i d e n t i f i c a t i o n  
o f  f u n g i  f r o m  w o o d .  Two p a p e r s  b y  H o b l e s  ( 1 9 4 8 ,  1 9 6 5 )  e r e  o f  p a r t i c u l a r  
I m p o r t a n c e ,  n o t  o n l y  f o r  t h e  n u m b e r s  o f  s p e c i e s  d e s c r i b e d  b u t  a l s o  f o r  t h e  
c l a r i t y  o f  t h e  d e s c r i p t i o n s  i l l u s t r a t e d  b y  o a m e r a - l u c i d a  d r a w i n g s .  S h e  h a s  
a l s o  s t u d i e d  c e r t a i n  c u l t u r a l  c h a r a c t e r i s t i c s  i n  r e l a t i o n  t o  t a x o n o m y  
f o r  2 5 2  s p e c i e s  o f  P o l y p o r a c a c e a e  ( N o b l e s  1 9 5 8 ) ,
T h e  i d e n t i f i c a t i o n  o f  w o o d - r o t t i n g  f u n ^ i  a n d  c l a s s i f i c a t i o n  o f  t h e  
t y p e  o f  d e c a y  i s  n o t  a  s i m p l e  e x c e r c i s e ,  F i n d l a y  a n d  S a v o r y  ( 1 9 5 0 )  
p r e s e n t e d  e v i d e n c e  t h a t  a  b r e a k d o w n  o f  w o o d  p r e v i o u s l y  t h r o u g h t  t o  h a v e
b e e n  d u e  t o  c h e m i c a l  a c t i o n ,  w a s  i n  f a c t  c a u s e d  b y  a  f u n g u s *  S a v o r y ' s  
p a p e r s  ( 1 9 5 4 a ,  1 9 5 4 b ,  1 9 5 5 )  f o l l o w e d  d e s c r i b i n g  t h i s  t y p e  o f  d e c a y  a s  
" s o f t - r o t " ,  c h a r a c t e r i s i n g  t h e  a p p e a r a n c e  o f  t h e  d e c a y e d  w o o d ,  a n d  l i s t i n g  
a  r a n g e  o f  c a u s a t i v e  o r g a n i s m s  D u n c a n  ( i 9 6 0 )  K n u d s e n  ( 1 9 6 3 )  a n d  L e v y  
( 1 9 6 5 ,  1 9 6 7 )  h a v e  p u b l i s h e d  r e v i e w s  o n  s o f t  r o t  o f  w o o d  i n c l u d i n g  t h e  
r a n g e  a n d  v a r i e t y  o f  o r g a n i s m s  t h a t  c a u s e  t h i s  t y p e  o f  d e c a y *
G r e a v e s  a n d  S a v o r y  ( 1 9 6 5 )  r e p o r t e d  t h e  i s o l a t i o n ,  f r o m  f o u r  
d i f f e r e n t  s p e c i e s  o f  w o o d ,  o f  2 4 1  f u n g a l  i s o l a t e s  c o m p r i s i n g  so m e  1 8 4  
s p e c i e s ;  5 7  c u l t u r e s  c o u l d  n o t  b e  i d e n t i f i e d .  F o u r  s e p a r a t e  i s o l a t i o n  
t e c h n i q u e s  w e r e  u s e d ,  S h i g o  ( 1 9 ^ 6 ) ,  w o r k i n g  o n  t h e  d e c a y  a n d  d i s c o l o u r a t i o n  
o f  m o r e  t h a n  1 , 0 0 0  n o r t h e r n  i n d i v i d u a l  h a r d w o o d  t r e e s  m a d e  m o r e  t h a n  7 0 * 0 0 0  
i s o l a t i o n s  o f  m i c r o o r g a n i s m s  d u r i n g  a  p e r i o d  o f  s i x  y e a r s *  O k ig b o  ( 1 9 6 6 )  
r e v i e w e d  t h e  p u b l i s h e d  l i t e r a t u r e  o n  t e c h n i q u e s  a n d  d e s c r i b e d  a  s e r i e s  o f  
m e t h o d s  fo r  m a k i n g  i s o l a t i o n s  i n  d e p t h  f r o m  a  p i e c e  o f  w o o d .  W ork  s u o h  a s  
t h i s  e m p h a s i s e s  t h e  n e e d  f o r  d e v e l o p i n g  r e l i a b l e  t e c h n i q u e s  f o r  t h e  i s o l a t i o n  
a n d  i d e n t i f i c a t i o n  o f  f u n g i  f r o m  w o o d  c a n  b e  f u l l y  r e a l i s e d .
A n o t h e r  f a c t o r ,  a p a r t  f r o m  t h e  f u n g i  i n v o l v e d  i n  t h e  d e c a y  p r o c e s s e s  
b e c a m e  a p p a r e n t  w h e n  G r e a v e s  ( 1 9 6 6 a ,  1 9 6 6 b )  a n d  ( G r e a v e s  a n d  L e v y  1 9 6 5 )  
c l a i m e d  t h a t  b a c t e r i a  c a n  a l t e r  t h e  c r y s t a l l i n e  n a t u r e  o f  t h e  c e l l u l o s e  
i n  t h e  w a l l a  o f  t h e  w o o d  c e l l s .  L e v y  a n d  G r e a v e s  ( 1 9 6 6 )  o b s e r v e d  a n  
a s s o c i a t i o n  b e t w e e n  b a c t e r i a  a n d  f u n g i  c o r r e l a t e d  w i t h  a  v e r y  s o f t  c o n d i t i o n  
o f  t h e  w o o d .  B a s h a m  a n d  T a y l o r  ( 1 9 6 5 )  r e p o r t e d  t h e  o c c u r r e n c e  o f  b a c t e r i a  
i n  i s o l a t i o n s  f r o m  d i s c o l o u r e d  h e a r t w o o d  w h e r e  n o  d e c a y  w a s  p r e s e n t  a n d  
a l s o  f r o m  t i s s u e s  w h i c h  w e r e  d i s c o l o u r e d  a n d  a s s o c i a t e d  w i t h  d e c a y .  I n  
b o t h  c a s e s  T r i c h o c l a d i u m  c a n a d e n s e  a c c o u n t e d  f o r  o v e r  h a l f  o f  t h e  f u n g a l  
i s o l a t i o n s .  R e c e n t l y ,  t h e  b a c t e r i a l  f a c t o r  i n  w o o d  d e c a y  h a s  r e c e i v e d  
i n c r e a s e d  a t t e n t i o n  ( E l l w o o d  a n d  E c k l u n d ,  1 9 5 9 }  G r e a v e s  a n d  L e v y ,  1 9 6 5 ;  
B o u t e l j e  a n d  B r a v e r y ,  1 9 6 8 |  G r e a v e s ,  1 9 6 9 ;  1 9 7 0 ;  1 9 7 1 ;  J a c q u i o t ,  1 9 6 8 ;  
L a v a l l e e ,  1 9 7 1 ;  C o s e n z a ,  1 9 7 0 ;  B a c o n  a n d  M e a d , 1 9 7 1 ;  W i l c o x ,  1 9 7 2 ; ) .
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K n u t s o n  ( 1 9 7 3 )  c o n s i s t e n t l y  i s o l a t e d  b a c t e r i a  f r o m  t h e  s a p w o o d ,  
h e a r t w o o d  a n d  w e tw o o d  z o n e s  i n  h i s  w o r k  o n  t r e m b l i n g  a s p e n  ( P o  u l u s  
t r e m u l o i d e s ) ,  S t a n k e w i c h  e t  a l  ( l 9 7 l )  r e p o r t e d  o n  a n  o b l i g a t e  
a n a e r o b e  i s o l a t e d  f r o m  d i s c o l o u r e d  t i s s u e s  i n  l i v i n g  o a k s ;  o t h e r  
a n a e r o b i c  b a c t e r i a  a r e  r e p o r t e d  b y  W ard  ( 1 9 7 2 )  a n d  S h i g o  ( l 9 7 l ) ,
G r e a v e s  ( 1 9 6 6 a )  a n d  O k ig b o  ( 1 9 6 6 )  r e v i e w e d  a l l  p u b l i s h e d  
m e t h o d s  f o r  i s o l a t i n g  f u n g i  f r o m  w o o d  a n d  b y  m o d i f y i n g  e x i s t i n g  t e c h n i q u e s  
a n d  p u t t i n g  f o r w a r d  n e w  o n e s  t h e y  w e r e  a b l e  t o  d e s c r i b e  a  s e r i e s  o f  
t e c h n i q u e s  f o r  i s o l a t i n g  o r g a n i s m s  f r o m  d e p t h  a s  w e l l  a s  a t  t h e  s u r f a c e .  
L e v y ,  S t e v e n s  a n d  A sm a h  ( 1 9 6 7 )  h a v e  t r i e d  t h e s e  t e o h n i q u e s  a n d  b e l i e v e  th e m  
t o  b e  u s e f u l  i n  t h e  e x a m i n a t i o n  o f  f u n g i  i n  w o o d ,  T h e  p r o b l e m  i s  
b a s i c a l l y  f o u r f o l d ;
( a )  t o  i s o l a t e  t h e  o r g a n i s m s  a t  d e p t h
( b )  t o  u s e  a  r a n g e  o f  s u i t a b l e  m e d i a  f o r  g r o w i n g  a l l  t h e  o r g a n i s m s  
p r e s e n t  a n d  g e t t i n g  th e m  i n t o  p u r e  c u l t u r e ,
( c )  t o  i d e n t i f y  th e m  a n d ,
( d )  t o  d e t e r m i n e  w h e t h e r  o r  n o t  t h e y  c a n  c a u s e  a c t i v e  d e c a y  o r  a r e  
s i m p l y  w ood  i n h a b i t a n t s *
T h e  r e p o r t  o f  G r a n t  a n d  S a v o r y  ( 1 9 6 9 )  p r e v i o u s l y  m e n t i o n e d  i s  a  s u m m a ry  
o f  t h e  t e c h n i q u e s  d i s c u s s e d  b y  t h e  a u t h o r s  o f  t h e  p a p e r s  c i t e d  i n  t h i s  
p a r a g r a p h  a n d  i s  o f  g r e a t  v a l u e  i n  t h e  i s o l a t i o n  a n d  i d e n t i f i c a t i o n  o f  
m i c r o o r g a n i s m s  i n h a b i t i n g  w o o d .
T o  t h i s  d a y  t h e  t a x o n o m y  o f  d e c a y  f u n g i  a n d  p r o d u c t s  p a t h o l o g y  
h a v e  c o n t i n u e d  t o  b e  a  m a j o r  s u . j e c t  f o r  r e s e a r c h .  An e x c e l l e n t  r e v i e w  
o f  d e c a y  i s  ; i v e n  b y  W a g e n e r  a n d  D a v i d s o n  ( l 9 5 4 ) »  S u c c e s s i o n s  o f
f o r e s t s  a n d  d i s e a s e s  i n  t h e  f o r e s t  h a v e  b e e n  s t u d i e d  b y  B a x t e r  a n d  
W a d s w o r th  ( 1 9 3 9 ) ,  a n d  B a x t e r  a n d  K i d d i e t o n  ( 1 9 6 1 ) .  T h e y  b e l i e v e  t h a t
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a s  f o r e s t s  c h a n g e  d  t o  c h a n g e s  s u c h  a s  t e m p e r a t u r e ,  m o i s t u r e  a n d  o t h e r  
c o n d i t i o n s ,  s u c c e s s i o n s  o f  d i s e a s e  r e s u l t .  B u t ,  o n l y  r e c e n t l y  h a s  
a t t e n t i o n  b e e n  g i v e n  t o  t h e  p o s s i b l e  s i g n i f i c a n c e  o f  o r g a n i s m s  o t h e r  
t h a n  H y m e n o m y c e te s  i n  d e c a y  p r o c e s s e s .  T h e s e  r e c e n t  s t u d i e s  s u  g e s t  t h a t  
m a n y  d i f f e r e n t  o r g a n i s m s  a r e  i n v o l v e d  i n  t h e  s e q u e n c e s  t h a t  r e s u l t  i n  
d e c a y .
D i s c o l o u r a t i o n  a n d  d e c a y  a r e  d u e  t o  b o t h  a b i o t i c  f a c t o r s  a n d  
o r g a n i s m s ,  b u t  t h e  r o l e  o f  o r g a n i s m s  i s  e m p h a s i s e d  i n  t h i s  r e v i e w  o f  t h e  
l i t e r a t u r e .  I t  i s  p o s s i b l e  f o r  w o o d  t o  b e  b r o k e n  d o w n  c o m p l e t e l y i n  i n ­
o c u l a t i o n  e x p e r i m e n t s  i n  t h e  l a b o r a t o r y  b y  o n e  o r g a n i s m  b u t  t h i s  i s  u n l i k e l y  
t o  o o c u r  i n  n a t u r e  w h e r e  m a n y  o r g a n i s m s  a r e  i n  c o n s t a n t  c o m p e t i t i o n  f o r  
n u t r i e n t s  a n d  s p a c e .  E v e n t s  o c c u r i n g  i n  l i v i n g  t r e e s  a r e  m o s t  c o m p l e x ,  
b e c a u s e  t h e  l i v i n g  t r e e  c a n  d y n a m i c a l l y  e f f e o t  t h e s e  p r o c e s s e s ,  w h e r e a s  
a f t e r  t h e  t r e e  i s  d e a d ,  o r g a n i s m s  c o m p e t e  o n l y  a m o n g s t  t h e m s e l v e s .  M o s t  
o f  t h e  a v a i l a b l e  l i t e r a t u r e  d e a l s  w i t h  s u c c e s s i o n s  i n  d y i n g  o r  d e a d  t r e e s  
o r  f e l l e d  a n d  w o r k e d  t i m b e r ,  t h o s e  o n  l i v i n g  t r e e s  h a v e  b e e n  c o m p a r a t i v e l y  
n e g l e c t e d .
I n v e s t i g a t i o n s  o f  d i a c o l o u r a t i o n s  o n  l i v i n g  t r e e s  h a v e  d e a l t  p r i m a r i l y  
w i t h  b l u e  s t a i n  c a u s e d  i n  c o n i f e r s  b y  s p e c i e s  o f  C e r a t o s e v s t i a  « V o n  S c h r e n k  
( 1 9 0 3 )  a n d  H e d g e c o c k  ( 1 9 6 6 )  m a d e  v e r y  v a l u a b l e  e a r l y  c o n t r i b u t i o n s  t o  t h e  
k n o w l e d g e  o f  b l u e  s t a i n .  V o n  S c h r e n k  d e s c r i b e d  a  b l u e i n g  p r o c e s s  i n  
m a n y  s p e c i e s  o f  c o n i f e r s ,  H e d g e c o c k  s h o w e d  t h a t  s e v e r a l  o t h e r  f u n g i  a l s o  
9 t a i n e d  w o o d ,  L a r g e r b e r g e t  a l  ( 1 9 2 7 )  a d d e d  m a n y  f u n g i  t o  t h e  l i s t  o f  
f u n g i  c a u s i n g  w o o d  s t a i n s ,  S o h e f f e r  a n d  U n d g r e n  ( 1 9 4 0 )  w e r e  m a i n l y  c o n ­
c e r n e d  w i t h  s t a i n s  i n  w o o d  p r o d u c t s ,  D i s c o l o u r a t i o n o  i n i t i a t e d  b y  w o u n d s  
a n d  a g g r a v a t e d  b y  o r g a n i s m s  i n  l i v i n g  t r e e s ,  e s p e c i a l l y  h a r d w o o d s ,  h a v e
r e c e i v e d  l i t t l e  a t t e n t i o n  b e c a u s e  t h e  d i s c o l o u r e d  t i s s u e s  w e r e  c o n s i d e r e d  
t o  b e  e i t h e r  ' n o r m a l '  h e a r t w o o d ,  o r  a  f o r m  o f  i t ,  b u t  I n t e r e s t  i n  d e c a y  a n d
d i s c o l o u r a t i o n  i n  l i v i n g  t r e e s  h a s  r e c e n t l y  i n c r e a s e d .  T h e  r o l e  o f  
b a c t e r i a  i n  t h e s e  d e c a y  p r o c e s s e s  i s  a l s o  b e i n g  i n v e s t i g a t e d  a n d  i n  so m e  
s p e c i e s  o f  t r e e s  i t  w o u ld  a p p e a r  t h a t  d e c a y  f u n g i  i n v a d e  o n l y  t h o s e  t i s s u e s  
t h a t  h a v e  b e e n  p r e v i o u s l y  i n v a d e d  b y  b a c t e r i a  a n d  n o n - h y m e n o m y c e t e s .i
D 'A e t h  ( 1 9 3 9 )  s t a t e d  t h a t  " s u c c e s s i o n a l  d i s e a s e s  m ay  o c c u r  o n  t h e  
l i v i n g  h o s t  t h r o u g h  t h e  a c t i o n  o f  o n e  f u n g u s  i n  d e v e l o p i n g  a  s u b s t r a t e  
w h ic h  i s  m o r e  f a v o u r a b l e  f o r  a  s e c o n d  f u n g u s ,  a  p r o c e s s  c o m p a r a b l e  t o  t h e  
s u c c e s s i v e  m e t a b o l i c  s t a g e s  o f  d e c a y  u n d e r  n a t u r a l  c o n d i t i o n s .  F r e q u e n t l y ,  
o n e  p a r a s i t e  b y  i t s  a t t a c k  o n  a  p l a n t  a l l o w s  t h e  e n t r a n c e  o f  a  m o r e  v i r u l e n t  
p a r a s i t e ,  w h i c h  c o u l d  n o t ,  b y  i t s e l f ,  h a v e  i n i t i a t e d  t h e  a t t a c k " .  An 
e x a m p l e  i s  c i t e d ;  S c l e r o d e r r i s  f u l i g i n o s a  c a n  i n f e c t  t w i g s  a n d  s h o o t s  o f  
S a i l s ,  fK Z & lto  t h a t  h a d  f i r s t  b e e n  i n f e c t e d  b y  C r y p t o m y c e s  a a x i m u a  a n d  
o t h e r  f u n g i .  L a t e r  i n  t h e  s u c c e s s i o n  a  t h i r d  f u n g u s ,  M y x o s p o r iu m  s c u t e l l a t u m  
a l s o  i n f e c t s  t h e  t i s s u e s  a n d  a g g r a v a t e s  t h e  d i s e a s e  c o m p l e x .  D 'A e t h  ( 1 9 3 9 )  
r e p o r t e d  t h a t  a s  o r g a n i s m s  g r o w  t o w a r d  e a c h  o t h e r  i n  w o o d ,  t h e  h y p h a e  
e n l a r g e  a n d  d a r k e n ,  a n d  d a r k  s u b s t a n c e s  o f t e n  f o r m  i n  t h e  w o o d  c e l l s .  T h i s  
i s  o n e  e x p l a n a t i o n  f o r  t h e  d a r k  z o n e  l i n e s  f o u n d  i n  c o lu m n s  o f  d e c a y ,
( C a m p b e l l ,  1 9 3 3 »  H o p p ,  1 9 3 8 | )
B a r l u n d  ( 1 9 3 0 )  f o u n d  b y  i n o c u l a t i n g  w o o d  b l o c k s  w i t h  d e o a y  f u n g i  
i n  t h e  l a b o r a t o r y ,  t h a t  w h e n  c e r t a i n  w o o d - i n h a b i t i n g  o r g a n i s m s  c o l o n i s e  t h e  
w o o d  f i r s t ,  t h e y  m ay  p r e v e n t  o t h e r s  f r o m  I n v a d i n g  b y  r e m o v i n g  f r o m  t h e  
w o o d ,  s u b s t a n c e s  n e c e s s a r y  f o r  t h e i r  g r o w t h .  I t  w a s  a l s o  s u g g e s t e d  t h a t  
s p e c i e s  w i t h  r a p i d l y - g r o w i n g  s u r f a c e  m y c e l iu m  h a v e  a n  a d v a n t a g e  i n  t h e  
i n i t i a l  s t a g e s  o f  c o l o n i s a t i o n .  O n t h e  o t h e r  h a n d ,  L e h m a n n  a n d  S c h e i b l e  
( 1 9 2 3 )  s h o w e d  t h a t  w o o d  i n o c u l a t e d  w i t h  C o n i o p h o r a  c e r e b e l l a  r e s u l t e d  i n  
i n c r e a s e d  g r o w t h  a n d  d e c a y  b y  M e r u j i u s  l ^ p y y n q n g  a n d  S t e r e u m  p u r p u r e u m .  
E t h e r i d g e  ( 1 9 5 7 )  r e p o r t e d  t h a t  i n  l a b o r a t o r y  e x p e r i m e n t s ,  t h e  n o n -  
H y m e n o m y c e te  C o r y n e  s a r o o i d e s  d e l a y e d  t h e  d e c a y  c a u s e d  b y  C o n i o p h o r a  
p u t e a n a  a n d  B oX vpocrus t o m e n t o s u s  .  A l l  t h e s e  e x p e r i m e n t s  s u g g e s t  t h a t
p i o n e e r  o r g a n i s m s  n a y  b e  „ I m p o r t a n t  a g e n t s  i n  d e t e r m i n i n g  t h e  t y p e  o f  
d e c a y  t h a t  f o l l o w s •
W e a t e r d i j k  ( 1 9 4 9 )  m e n t i o n s  t h a t  T r i o h o d e r m a  v i r l d e  i s  f o l l o w o d  a n d  
l a t e r  a s s o c i a t e d  w i t h  g t ld & U J U M B  » P P .  l a  d e c a y i n g  w o o d .  B r p o o r e o p a i e  
l i f i h U M l f l M  a a d  H - r h n f l p d e n d i a r s  o f t e n  a s s o c i a t e d  w i t h  H v m e n o o h e t?  a  p p .  
( C a u c h o n  a n d  O u e l l e t t e ,  1 9 6 4 ; )  I l i l A f t  ( S a r o t r o o h l l l a
a n d  L o .p h .o d T m l.u a  a a c r o a o o r u n  a r e  o f t e n  a s s o c i a t e d  i n  p i n e  n e e d l e s  ( L a # e r -  
b e r g ,  1 9 2 3 ) )  D a r k e r  ( 1 9 6 4 )  d e s c r i b e d  a n o t h e r  s i m i l a r  a s s o c i a t i o n  i n  w h ic h  
t h e  p r i m a r y  i n v a d e r s  o f  t h e  n e e d l e s  o f  A felSA w e r e  f t y p o d e r m e l l a
m i r a b i l i s  a n d  B i f u a s l l a  f a u l l l l .  S e c o n d a r y  f u n g i  i n v a d e d  a  y e a r  l a t e r  
w h e n  t h e  p c y n i d i a l  s t a g e s  w e r e  m a t u r i n g  a n d  w h e n  t h e  n e e d l e e  w e r e  s t i l l  
f i r m  a n d  s t a r c h  w a s  a b u n d a n t  i n  t h e  m e s o p h y l l  c e l l s .  T h e  p r i n c i p a l  
s e c o n d a r y  i n v a d e r s  w e r s  <a u e s t m m M U
■LfllAft^agRAWHn a n d  L f l p t o g p h & e r i a  f a u l l l .  a l l  c o m p e t i n g  f o r  t h e
s u p p l y  o f  n u t r i e n t s  i n  t h e  n e e d l e s .  T h e s e  s e c o n d a r y  i n v a d e r s  p r e v e n t e d  
t h e  m a t u r a t i o n  o f  t h e  p r i m a r y  i n v a d e r s .
S om e o r g a n i s m s  m ay  b e  d e p e n d e n t  o n  t h e  o t h e r s  t o  c o m p e n s a t e  f o r  
t h e i r  d e f i c i e n c y  i n  c e r t a i n  n e e d e d  s u b s t a n c e s .  M any  b a s i d i o m y o e t e s  a r e  
u n a b l e  t o  s y n t h e s i z e  c e r t a i n  e s s e n t i a l  n u t r i e n t s .  ( R o b b i n s ,  1 9 5 0 ;
R o b b i n s  a n d  H e r v e y ,  1 9 5 5 ;  1 9 5 3 ; )  H e n c e ,  i n  t h e  c a s e  o f  t h e s e  f u n g i  t h e r e  
m ay  b e  a  w a i t i n g  p e r i o d  f o r  t h e  e u b e t r a t e  t o  b e  a l t e r e d  i n  s u c h  a  w ay  
a s  t o  p r o v i d e  t h e s e  e s s e n t i a l  n u t r i e n t s .  O n t h e  o t h e r  h a n d  s o m e  o r g a n i s m s  
o n  p a r t i c u l a r  s u b s t r a t e s  m ay  p r o d u c e  s u b s t a n c e s  t h a t  a r e  t o x i c  t o  o t h e r  
o r g a n i s m s .
S om e o r g a n i s m s  m ay  b e  i n h i b i t e d  b y  s u b s t a n c e s  p r o d u c e d  b y  t h e  t r e e  
i t s e l f .  I n  t h e  w ood  t i s s u e s  o f  l i v i n g  t r e e s  t h e r e  a r e  m a n y  t y p e s  o f  
s u b s t a n c e s  s u c h  a s  g u m s  a n d  r e s i n s  ( K u s t e r ,  1 9 2 5 ;  S v & r b r i c k ,  1 9 2 6 ;  B l o c k ,  
1 9 4 1 ;  D a C o s t a ,  1 9 5 8 ; ) .  T h e  a b i l i t y  o f  m i c r o o r g a n i s m s  t o  g r o w  i n  t h e  
p r e s e n c e  o f  t h e s e  m a t e r i a l s  d e p e n d s  p a r t l y  o n  t h e i r  e n z y m a t i c  c a p a b i l i t i e s .
C o w l in g  ( 1 9 5 8 )  h a s  r e v i e w e d  e n z y m a t i c  d e g r a d a t i o n  b y  m i c r o o r g a n i s m s .  
T h e  m i c r o b i a l  d e c o m p o s i t i o n  o f  o e l l u l o s e  i s  d i s c u s s e d  b y  S i u  ( l 9 5 l ) ,  B a i l e y
( 1 9 6 8 )  B r a v e r y  ( 1 9 6 8 )  a n d  t h e  d e g r a d a t i o n  o f  l i g r i i n  b y  C o o k e  ( 1 9 5 7 ) .
C a m p b e l l  ( 1 9 5 2 )  a n d  C o r b e t t  ( 1 9 6 5 ) ,  a n d  H u lm e  ( 1 9 7 0 )  r e p o r t e d  o n  t h e  
e r o s i o n  o f  w o o d  b y  e n z y m e s  o f  w o o d - r o t t i n g  b a s i d i o m y c e t e s ,  a n d  C o w l in g  ( 1 9 6 5 )  
r e p o r t e d  o n  m i c r o o r g a n i s m s  a n d  m i c r o b i a l  e n z y m e s  a s  s e l e c t i v e  t o o l s  i n  w o o d  
a n a t o m y .  L i e s e  a n d  S c h m id  ( 1 9 6 2 )  f o u n d  t h a t  c e l l u l a s e s  o c c u r  i n  a d v a n c e  
o f  t h e  h y p h a e .
O r g a n i s m s  i n v o l v e d  i n  s u c c e s s i o n s  a r e  t h e m s e l v e s  s o m e t i m e s  a t t a c k e d  
b y  o t h e r  o r g a n s i s m s  w h ic h  m ay  f i n d  th e m  g o o d  s u b s t r a t e s  f o r  g r o w t h .  S e v e r a l  
e x a m p l e s  o f  m y c o p a r a s i t i s m  a r e  k n o w n .  T r j c h o t h e c i u m  r o s e u m  a n d  C l i o c l a d l u m  
r o s e u a  h a v e  b e e n  n o t e d  g r o w i n g  o n  m y c e l i a l  m a t s  o f  C e r a t o c v s t i s  f a g a o a e r u m  
( S h i g o ,  1 9 5 $ )  a n d  o n  CL v i r e s c e n s .  ( S h i g o ,  1 9 6 2 b ) ,  o n  p u lp w o o d .  b o l t s .
i s  a n  a g g r e s s i v e  m y c o p a r a s i t e  o n  W a c t r i a  s p p .
( A y e r s ,  1 9 4 1 ;  B l y t h ,  1 9 4 9 ;  S h i g o ,  1 9 6 4 a ; )  £ < w a t o b o t r v u m  F u s c u m  . i s  
s i m i l a r  i n  i t s  m o d e  o f  p a r a s i t i s m  t o  G o n a t o r r h o d i e l l a  h i ^ h l e i  ( S h i g o ,  1 9 6 4 a ; )
T h e  s u r f a c e  o f  b a r k  o n  h e a l t h y  l i v i n g  t r e e s  h a r b o u r s  a  w id e  v a r i e t y  
o f  o r g a n i s m s ,  a n d  m i c r o o r g a n i s m s  a r e  b y  f a r  t h e  m o s t  a b u n d a n t ,  a l t h o u g h  
i n c o n s p i c u o u s  a m o n g s t  t h e  l i c h e n s ,  m o s s e s  a n d  a l g a e .  ( B i e r  a n d  R o w a t ,  1 9 6 2 ;  
1 9 6 3 ; ,  B i e r ,  1 9 6 5 ; )  S om e o f  t h e s e  o r g a n i s m s  m ay  b e  b e n e f i c i a l  t o  t h e  t r e e  
b y  p r o t e c t i n g  i t  f r o m  a g g r e s s i v e  o r g a n i s m s  ( B i e r ,  1 9 6 5 ; ) *  A s b a r k  m o i s t u r e  
i s  r e d u c e d ,  c o n d i t i o n s  t e n d  t o  f a v o u r  t h e  p a r a s i t e s .  ( B i e r ,  1 9 5 9 ;  1 9 6 1 ;  1 9 6 4 ;)
I m m e d i a t e l y  a f t e r  t h e  t i s s u e s  a r e  e x p o s e d  b y  w o u n d in g  a n  e x c h a n g e  o f  
a i r  a n d  m o i s t u r e  t a k e s  p l a c e  b e t w e e n  t h e  c e l l s  a n d  t h e  a t m o s p h e r e .  T h e  
p h y s i o l o g i c a l  p r o c e s s e s  i n  t h e  e x p o s e d  c e l l s  a r e  a f f e c t e d  a n d  r e s u l t  i n  t h e  
f o r m a t i o n  o f  c e r t a i n  s u b s t a n c e s ,  so m e  o f  w h ic h  a r e  f o r m e d  b y  d y i n g  o r  
I n j u r e d  c e l l s .  (V o n  R u d l o f f  a n d  J o r g e n s e n ;  1 9 6 3 ) .  T h e s e  s u b s t a n c e s  a r e  
t h o u g h t  t o  g i v e  p r o t e c t i o n  a g a i n s t  i n v a d i n g  o r g a n i s m s ,  a n d  t h e  t i s s u e s  a r o u n d  
w o u n d s  t h a t  c o n t a i n  t h e  p h e n o l s  a r e  k n o w n  a s  p r o t e c t i o n  w o o d .  ( F r a n k ,  1 8 9 5 ;
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Z y c h a ,  1 9 4 8 ;  J o r g e n s e n ,  1 9 6 2 ; ) ,  I n  so m e  t r e e s  t h e  p r o t e c t i v e  z o n e s  
s u c c e s s f u l l y  w a l l  o f f  i n v a d i n g  o r g a n i s m s ,  ( H e p t i n g  a n d  B l a i s d e l l ,  1 9 3 6 ;
S h i g o ,  1 9 6 5 b . )  t  w h i l e  i n  o t h e r  t r e e s  t h i s  p r o t e c t i v e  z o n e  c a n  p r o v e  i n ­
e f f e c t i v e  ( S h i g o ,  1 9 6 6 ) .  A c c o r d i n g  t o  S h i g o  ( 1 9 6 7 )  t h e  g r e a t  v a r i a t i o n  
i n  e x t e n t  o f  d i s c o l o u r a t i o n  a n d  d e o a y  i n  l i v i n g  t r e e s  i s  i n d i c a t i v e  o f  
t h e  m a n y  f a c t o r s  t h a t  i n f l u e n c e  t h e s e  p r o c e s s e s .  T h r e e  g e n e r a l  c o n ­
d i t i o n s  t h a t  m a y  a c c o u n t  f o r  t h i s  v a r i a t i o n  i n c l u d e  t h e  f o l l o w i n g ;  ( a )  t h e  
p r o t e c t i v e  b a r r i e l *  m ay  n o t  b e  f o r m e d ,  e i t h e r  b e c a u s e  o f  e n v i r o n m e n t a l  c o n ­
d i t i o n s  o r  b e c a u s e  o f  t h e  c o n d i t i o n  o f  t h e  i n j u r e d  c e l l s ;  ( b )  t h e  p r o t e c t i v e  
b a r r i e r  m ay  b e  f o r m e d ,  o n l y  t o  b e  p e n e t r a t e d  b y  p a r t i c u l a r l y  a g + r e s s i v e  
o r g a n i s m s ;  o r  ( c )  t h e  p r o t e c t i v e  b a r r i e r  m ay  b e  f o r m e d  a n d  f u n c t i o n  
e f f e c t i v e l y .
D i s c o l o u r a t i o n  m ay  o c c u r  i n  t h e  a b s e n c e  o f  m i c r o o r g a n i s m s  b u t  t h e  
e x t e n t  t o  w h ic h  s u c h  p r o c e s s e s  c a n  c o n t i n u e  i s  u n k n o w n .  S h i g o  ( 1 9 6 7 )  
s t a t e d  t h a t  o r g a n i s m s  i n f e c t  p r i m a r i l y  t h e  d i s c o l o u r e d  t i s s u e s ,  r a r e l y  
i n f e c t i n g  t h e  t i s s u e s  f o r m e d  s u b s e q u e n t  t o  w o u n d i n g .  B a c t e r i a  a n d  n o n -  
h y m c n o m y c e to u s  f u n g i  a r e  u s u a l l y  t h e  f i r s t  o r g a n i s m s  t o  i n v a d e  t h e  d i s ­
c o l o u r e d  t i s s u e s .  ( S h i g o ,  1 9 6 5 ;  1 9 6 6 ;  1 9 6 7 ;  1 9 7 2 ;  L a v a l l e e ,  1 9 7 1 ; )  A 
s i m i l a r  p i c t u r e  i s  p r e s e n t e d  b y  s u c c e s s i o n s  o c c u r r i n g  o n  w o r k e d  t i m b e r  
( S h i g o ,  1 9 6 2 ;  C o r b e t t  a n d  L e v y ,  1 9 6 3 ;  B u t c h e r  1 9 6 8 ;  B a n e r j e e  a n d  L e v y  1 9 7 0 ;  
D o w d in g  1 9 7 0 ) .  T h e  H y m e n o m y c e te s  f o l l o w ;  a n d  a s  i n  t h e  c a s e  o f  t h e  b a c t e r i a  
a n d  n o n - h y m e n o m y c e t e s ,  t h e i r  d e v e l o p m e n t  i s  r e s t r i c t e d  t o  t h e  t i s s u e s  
o r i g i n a l l y  d i s c o l o u r e d .  T h i s  s u c c e s s i o n  i n  l i v i n g  t r e e s  d o e s  n o t  e n d  w i t h  
t h e  i n v a s i o n  o f  t h e  f i r s t  d e o a y  f u n g u s .  ( N o r d i n ,  1 9 5 4 ;  E s l y n ,  1 9 6 2 ; ) .
E v e n  t h o u g h  o r g a n i s m s  m ay  i n i t i a t e  t h e  d i s c o l o u r a t i o n s  t h e y  m ay  
a g g r a v a t e  t h e  d i s c o l o u r a t i o n  p r o c e s s e s ,  e s p e c i a l l y  i n  s p e c i e s  s u c h  a s  F a g u s  
s v l v a t i c a .  i n  w h i c h  f o r m a t i o n  o f  t y l o s e s  i s  a s s o c i a t e d  w i t h  t h e  s l i g h t  d i s ­
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c o l o u r a t i o n ,  J u r a s e k  ( 1 9 5 9 )  s t a t e d *  H T h e  p r e s e n c e  o f  f u n g a l  i n f e c t i o n  
i n  w o o d  c a n n o t  b e  c o n s i d e r e d  t o  b e  a  n e c e s s a r y  c o n d i t i o n  f o r  t h e  g r o w t h  
o f  t y l o s e s  a n d  t h e i r  f o r m a t i o n  b e c a u s e  t y l o s e s  a r e  f o r m e d  e v e n  i n  s t e r i l e  
w o o d .  H o w e v e r ,  t h e  f u n g i  c a n  i n d i r e c t l y  a f f e c t  t h e  f o r m a t i o n  o f  t y l o s e s  
a s  t h e y  d a m a g e t h e  l i v i n g  t i s s u e ” .  N e c e s a n y  ( 1 9 5 9 )  m a d e  t h e  p o i n t  t h a t  
h e a r t w o o d  f o r m a t i o n  i s  a  p h y s i o l o g i c a l  p r o c e s s  i n  a l l  t r e e  s p e c i e s  w h e r e  
t h e  p a r e n c h y m a  c e l l s  d i e  e i t h e r  b y  n a t u r a l  a g i n g  o r  f r o m  t h e  i n f l u e n c e  
o f  t h e  e n v i r o n m e n t  w i t h  s i m u l t a n e o u s  f o r m a t i o n  o f  t y l o s e s  a n d  h e & r tw o o d  
s u b s t a n c e s .
T h e  i m p o r t a n c e  o f  f u n g i  i n  d i s c o l o u r i n g  p r o c e s s e s  c a n n o t  b e  d i s ­
c o u n t e d  c o m p l e t e l y  (G o o d  e t  a l ,  1 9 5 5 } ) #  o r g a n i s m s  r e a d i l y  i n f e c t  t h o s e  
d i s c o l o u r a t i o n s  s o m e t i m e s  t e r m e d  f a l s e  h e a r t w o o d  o r  p a t h o l o g i c a l  h e a r t -  
w o o d ,  o s s s o e i & t e d  w i t h  w o u n d s ,  b u t  r a r e l y  i n f e c t  t h e  t r u e  h e a r t w o o d  
( S h l g o ,  1 9 6 5 b ) .
T h e  m o s t  e x t e n s i v e  s t u d i e s  o n  o r g a n i s m s  i n v o l v e d  i n  t h e  d i s c o l o u r ­
a t i o n  a n d d b c a y  o f  l i v i n g  t r e e s  h a v e  b e e n  m a d e  w i t h  P o c u l u s  s p p ,  i n  
C a n a d a  a n d  t h e  U n i t e d  S t a t e s ,  T h e  m a j o r  o r g a n i s m  a s s o c i a t e d  w i t h  d e c a y  
i n  S P P *  i *  F e m e s  j g n a r i u s  v a r .  p o p u i i j m a . „ .  T h i s  f u n  u s  a n d  i t s
v a r e t i e s  a r e  i m p o r t a n t  w h i t e - r o t t e r s  o f  h a r d w o o d s ,  p a r t i c u l a r l y  s p e c i e s  
o f  P q d u Iu s . F a g u s .  B e t u l a  aid  \ c e r . (O h m a n  a n d  K e s s l e r ,  1 9 6 4 ; ) ,  E th e r id g e  
( l 9 6 l )  s t u d i e d  f a c t o r s  t h a t  a f f e c t  b r a n c h  i n f e c t i o n s  i n  a s p e n  ( P o o u l u s  
t r e m u l o i d e B ) .  H e c o n s i d e r e d  t h e  r e l a t i v e  f r e q u e n c y  o f  i s o l a t i o n s  o f  t h e  
o r g a n i s m s  f r o m  b r a n c h e s  d e a d  f o r  k n o w n  p e r i o d s  o f  t i m e  a s  i n d i c a t i o n s  o f t h e  
p r o b a b l e  c o u r s e  o f  s u c c e s s i o n .  H e d e s c r i b e d  f i v e  d i s t i n c t  s t a g e s  o f  
c o l o n i s a t i o n  i n  a s p e n  b r a n c h e s .  H i s  r e s u l t s  s u g g e s t  t h a t  b a c t e r i a  a r e  
s o m e  o f  t h e  f i r s t  t o  i n v a d e ,  f o l l o w e d  b y  n o n  d e c a y  f u n g i  a n d  f i n a l l y  
d e c a y  f u n g i .  H e d o e s  n o t  a t t e m p t  t o  c l a s s i f y  t h e  p i o n e e r  b a c t e r i a .
-11-
Why w o o d  i s  i n v a d e d  b y  F o m e s  j g n a r i u s  v a r .  p o p u l i p u s , ,  o n l y  a i t e r  
o t h e r  o r g a n i s m s  h a v e  f i r s t  i n v a d e d  a n d  a l t e r e d  i t  i s  n o t  c o m p l e t e l y  
u n d e r s t o o d ,  a l t h o u g h  t h e  f a c t o r s  w h i c h  a f f e c t  s p o r e  g e r m i n a t i o n  m ay  
b e  r e l e v a n t  w h i l e  s p o r e s  o f  F o r m e s  j g n i a r i u s  g e r m i n a t e  p o o r l y  o n  w a t e r  
a g a r  a n d  o n l y  r e a s o n a b l y  w e l l  i n  a  s o l u t i o n  o f  g l u c o s e  a n d  m a l t o s e ,  t h e y  
g e r m i n a t e  w e l l  o n  m a l t  e x t r a c t  a g a r  a n d  o n  o l d  w o u n d  s u r f a c e s .  (G o o d  a n d  
S p a n i s ,  1 9 5 8 ; ) .
G o o d  a n d  S p a n i s  ( 1 9 5 8 )  s t a t e d  t h a t  t h e  m o s t  c l e a r  c u t  c h a n g e  i n  t h e  
n a t u r e  o f  t h e  w o u n d  s u r f a c e  i s  t h e  r a t h e r  r a p i d  d r o p  i n  pH f r o m  6 . 0  
t o  4 . 5  a n d  t h e y  s u g g e s t  t h a t  w o u n d  s a p r o p h y t e s  m ay  b e  r e s p o n s i b l e  f o r  
t h i s  c h a n g e .  T h e r e f o r e ,  u n l i k e  f u n g i  s u c h  a s  F o m e a  a n n o s u s  a n d  S t e r e u m  s p p .  
w h ic h  r e q u i r e  a  f r e s h  s u b s t r a t e  f o r  i n f e c t i o n  (  B r o o k s  St M o o r e ,  1 9 2 6 ; )  
R i s h b e t h ,  1 9 5 0 ; ) ,  F .  j g n i a r i u s  r e q u i r e s  a  s u b s t r a t e  t h a t  h a s  b e e n  c o l o n i s e d  
e a r l i e r  b y  o t h e r  o r g a n i s m s .
G o o d  a n d  N e l s o n  ( 1 9 6 2 )  s t u d i e d  t h e  v a r i e t y  o f  o r g a n i s m s  a s s o c i a t e d  
w i t h  d e c a y  i n  l i v i n g  s p e c i e s  o f  P o o u l u s .  T h e  c o m m o n e s t  o f  s i x t y - f o u r  
s p e c i e s  o f  f u n g i  I s o l a t e d  w e r e  m e m b e rs  o f  t h e  F u n g i  I m p e r f e c t i .  T h e  
d e c a y  f u n g i  m o s t  f r e q u e n t l y  i s o l a t e d  w e r e  £ffiqgg., .ta n a ta te ,  fcL e ric iu m  s p . t 
S t e r e u m  s p . ,  R a d u lu m  s p « ,  a n d  P h fe b ia  s p .  B a c t e r i a  w e r e  a l s o  i s o l a t e d  
b u t  t h e y  w e r e  n o t  i n d e n t i f i e d .
I n  a  s i m i l a r  s t u d y  w i t h  o t h e r  t r e e  s p e c i e s ,  S h i g o  ( 1 9 6 3 )  d e m o n s t r a t e d  
t h a t  t h e r e  w a s  a  s i m i l a r  s u c c e s B i o n a l  p a t t e r n .  F ro m  2 4 0 0  i s o l a t i o n s  f r o m  
t h e  5 9  t r e e s  i n f e c t e d  b y  F o m e s  i g n h r i u s  o n l y  a  f e w  s p e c i e s  o f  n o n - d e c a y  
f u n g i  p r e d o m i n a t e d *  P h l a l o p h o r a  s p p . ,  H y p o s v l o n  s p p . t ( A c r o s t a p h y l u s  
i m p e r f e c t  s t a g e s ) ,  a n d  T r i c h o o l a d l u m  c a n a d e n s e .  B a t e r i a  w e r e  i s o l a t e d  
f r e q u e n t l y  f r o m  a l m o s t  e v e r y  t r e e .  F o m e s  j g n i a r i u s  g r e w  t h r o u g h  t i s s u e s  
d i s c o l o u r e d  f i r s t  b y  a b i o t i c  f a c t o r s  a n d  i n v a d e d  s u b s e q u e n t l y  b y  o t h e r
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o r g a n i s m s ;  i t  i n v a d e d  t h e  d i s c o l o u r e d  t i s s u e s  b u t  n o t  t h e  n a r r o w  z o n e  
o f  f i r m  d i s c o l o u r e d  t i s s u e  n e x t  t o  t h e  w h i t e  w o o d .  T h i s  d i s c o l o u r e d  
t i s s u e  c o n t i n u e d  t o  y i e l d  b a c t e r i a  a n d  o t h e r  f u n g i  e v e n  a r o u n d  t h e  
o l d e s t  d e c a y e d  t i s s u e s .  T h e  d a t a  w e r e  i n t e r p r e t e d  t o  i n d i c a t e  t h a t  
t h r e e  k i n d s  o f  o r g a n i s m s  a r e  i m p o r t a n t  i n  t h e  d e c a y  p r o c e s s e s *  b a c t e r i a ,  
n o n - d e c a y  f u n g i  a n d  d e c a y  f u n g i .
W o u n d s m a d e  t h r o u g h  t h e  b a r k  e x p o s e  b o t h  s a p w o o d  a n d  h e a r t w o o d  i f  
t h e  w o u n d  i s  d e e p  e n o u g h .  B r a n c h  w o u n d s  c r e a t e  t h e  g r e a t e s t  t h r e a t  o f  
i n v a m i o n  c a u s i n g  t h e  c e n t r e  o f  t h e  t r e e  t o  b e  o p e n e d  t o  a t t a c k  b y  m i c r o ­
o r g a n i s m s .  F o r  t h i s  r e a s o n  b r a n c h  s t u b s  a r e  r e g a r d e d  a s  t h e  m o s t  i m p o r t a n t  
i n f e c t i o n  c o u r t s  o n  m a n y  t r e e  s p e c i e s .
T h i s  w a s  s h o w n  t o  b e  t r u e  i n  a  s t u d y  w i t h  r e d  m a p l e  ( A c e r  r u b r u m ) 
i n  t h e  U n i t e d  S t a t e s  ( S h i g o  1 9 6 5 a ) ,  S h i g o  d e m o n s t r a t e d  a  s u c c e s s i o n  
o f  o r g a n i s m s  i n  w h ic h  b a c t e r i a  w e r e  t h e  f i r s t  t o  c o l o n i s e  w o u n d s ,  a n d  n o n -  
h y m e n o m y c e to u s  f u n g i  f o l l o w e d  s o o n  a f t e r .  T h e  p i o n e e r  f u n g i  i n c l u d e d  
P h i a l o p h o r a  s p p . ,  Tj z t e k q&l &f t ku f t , s p p . ,  a n d  C y t o s p o r a  
d e c i f t i e n a .  T h e  b a c t e r i a  a n d  so m e  o f  t h e  p i o n e e r  f u n g i  i s o l a t e d  f r o m  
d i s c o l o u r e d  t i s s u e s  s n r r o u n d i n g  d e c a y  c o l l u m n s  i n h i b i t e d  t h e  g r o w t h  o f  
H y m e n o m y c e te s ,  i s o l a t e d  f r o m  d e c a y  c o l u m n s ,  i n  c u l t u r e , ( S h i g o ,  1 9 6 6 ; ) ,
T h e s e  s t u d i e s  a n d  o t h e r s  b y  S h i g o  ( l 9 3 6 b ,  1 9 6 5 a ,  b ,  1 9 7 0 )  d e s c r i b e d  
t h e  p a t t e r n  o f  d i s c o l o u r a t i o n  a n d  d e c a y  i n  l i v i n g  t r e e s  a n d  i l l u s t r a t e  
s u c c e s s i o n s  o f  o r g a n i s m s ,  D i s c o l o u r a t i o n s  f o r m  s o o n  a f t e r  t h e  b a r k  i s  
b r o k e n  a n d  t o r n  a w a y .  T h e s e  d i s c o l o u r a t i o n s ,  a l t h o u g h  i n i t i a l l y  b r o u g h t  
a b o u t  b y  a b i o t i c  f a c t o r s ,  a r e  e n h a n c e d  b y  i n v a d i n g  o r g a n i s m s .  B a c t e r i a  
a n d  n o n - h y m e n o m y c e t e u s  f u n g i  p r o c e e d e d  t h e  h y m e n o m y c e te s .  T h e  w o o d  
t i s s u e s  t h a t  w e r e  f o r m e d  a f t e r  t h e  w o u n d  w a s  m a d e  w e r e  s e l d o m  d i s c o l o u r e d  
o r  d e c a y e d .  Two com m on e x c e p t i o n s  t o  t h i s  r e s u l t e d  f r o m  i n v a s i o n  b y
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. f f b l lq R f l  a n d  P o l y ^ o r u e  : l o » e r a t u s .  H o w e v e r ,  t h e s e  f u n g i  s t i l l  
g r e w  o n l y  t h r o u g h  t h e  t i s s u e s  a l r e a d y  i n v a d e d  b y  o t h e r  o r g n i s m s .  D i s ­
c o l o u r e d  t i s s u e s ,  f r o m  w h ic h  b a c t e r i a  a n d  t h e  p i o n e e r  n o n - h y m e n o m y c e to iu s  
f u n g i  c o u l d  b e  i s o l a t e d ,  s u r r o u n d e d  t h e  d e c a y .  P o r i a  o b l i a u a  a n d  
P Q l v p o r u s  g l o m e r a t u s  f o r m e d  s t e r i l e  h a r d  b l a c k  g r o w t h s  i n  t h e  i n f e c t i o n  
c o u r t s .  A s n e w  t i s s u e s  a r o u n d  t h e  i n f e c t i o n  c o u r t  w e r e  i n v a d e d  t h e  
d e c a y  r e m a i n e d  s u r r o u n d e d  b y  d i s c o l o u r e d  t i s s u e s  t h a t  y i e l d e d  o t h e r  
o r g a n i s m s .  G o o d  a n d  N e l s o n  ( l 9 5 l )  w e r e  u n a b l e  t o  s h o w  t h a t  P .  < r lo m e r a tu s  
o c c u r r e d  i n  e i t h e r  t h e  d a r k  z o n e s  s u r r o u n d i n g  d e c a y  o r  i n  t h e  d a r k  t i s s u e s  
a b o v e  t h e  t y p i c a l  d e c a y .  T h e  o c c u r r e n c e  o f  m a n y  n o n - H y m e n o m y c e te s  i n  t h e s e  
d i s c o l o u r e d  t i s s u e s  i n  A c e r  s a c c h a r u m  w a s  p o i n t e d  o u t  N o r d i n  ( 1 9 5 4 ) .
T h e  d a r k  z o n e s  a r e  u s u a l l y  v e r y  m o i s t  a n d  h a v e  a  h i g h  pH* T h e s e  f a c t o r s  
m ay  l i m i t  t h e  r a d i a l  g r o w t h  o f  H y m e n o m y c e te s  i n  w o o d  ( S h i g o ,  l i 6 5 b ; ) «
M e c h a n i c a l  w o u n d s  u s u a l l y  e x p o s e  t h e  s a p w o o d .  T h i s  m ay  e x p l a i n  w hy  
f u n g i  a p p e a r  i n  l o g g e d  s t a n d s  t h a t  a r e  n o t  f o u n d  c o m m o n ly  i n  t r e e s  i n  
s t a n d s  t h a t  h a v e  n o t  b e e n  l o g g e d .  ( B a x t e r  a n d  H e s t e r b e r g ,  1 9 5 8 ; ) .  T h e  
t y p e  o f  w o u n d  i s  a n  i m p o r t a n t  f a c t o r  a f f e c t i n g  t h e  s u c c e s s i o n  t h a t  
f o l l o w s .  N o r d i n  ( 1 9 5 4 )  d i d  n o t  f i n d  t h e  f u n g u s  P .  r l o m e r a t u s  a s s o c i a t e d  
w i t h  f r o s t  c r a c k s  e v e n  t h o u g h  t h e s e  c r a c k s  f o r m e d  s i g n i f i c a n t  i n f e c t i o n  
c o u r t s  f o r  i n v a s i o n  i n  A c e r  s a Q o h a r u r a .  P .  l o m e r a t u s  c o m m o n ly  i n f e c t s  
b r a n c h  s t u b s .
H v p o x y lo n  s p p .  a r e  p i o n e e r  f u n g i  w h ic h  c o m m o n ly  i n f e c t  e x p o s e d  s a p w o o d  
( S h i g o ,  1 9 6 6 ; ) .  O t h e r  m e m b e r s  o f  t h e  X v l f t g l f t c ^  s h a r e  t h i s  a b i l i t y  a n d  
H v n o x v lo n  s p p .  s h o w  a  v a r i a b l e  a c t i o n  a g a i n s t  t r e e s  i n  t h a t  so m e  a r e  t h e  
p i o n e e r  f u n g i  a n d  o t h e r s  a r e  t h e  l a s t  t o  i n v a d e  a n d  a t t a c k  w o o d .  ( C a m p b e l l  
& D a v i d s o n ,  1940  b ; ) ,  s u c h  a s  o n . l a m k a e .  s p p * »
( B e r b e e  a n d  R o g e r s ,  1 9 6 4 } )  a n d  H v p o x y lo n  s p p .  ( U s t u l i n a  v u l g a n s )  o n  o t h e r
t r e e  s p e c i e s  a r e  v e r y  a g g r e s s i v e  p a r a s i t e s .  ( k i l k i n s ,  1 9 3 5 ;  1 9 3 9 ; 1 9 4 3 | ) ,
Som e s p e c i e s  a r e  o f t e n  a s s o c i a t e d  w i t h  H y m e n o m y c e te s  i n  l i v i n g  t r e e s  ( S h i g o ,
1 9 6 6 ; ) ,  e s p e c i a l l y  w i t h  s p e c i e s  o f  S t e r e u m .  ( C a m p b e l l  a n d  D a v i d s o n ,  1 9 4 0 a )
S t e r e u m  s p p ,  a r e  s o m e  o f  t h e  m o s t  a g g r e s s i v e  p i o n e e r  H y m e n o m y c e te s ,
t h e y  c o k m o n l y  f o l l o w  H y p o a v i o n  s p p .  a n d  a p p a r e n t l y  g r o w  i n  c l o s e
a s s o c i a t i o n  w i t h  th e m  i n  l i v i n g  t r e e s  ( F e r d i n & n d s e n  a n d  J o r g e n s e n ,  1 9 3 8 -
1 9 3 9 ;  S h i g o ,  1 9 6 6 ; )  M o s t  o f  t h e  i n f o r m a t i o n  a b o u t  I t e r e u m  s p p
i n  p a r t i c u l a r  S ,  p u r p u r e u m  c o m e s  f r o m  s t u d i e s  o f  s i l v e r - l e a f  o n  P r u n u a  s p p .
B r o o k s  a n d  M o o re  ( 1 9 2 6 )  s h o w e d  t h a t  3 . p u r p u r e u a  s u c c e s s f u l l y  i n v a d e d
t i s s u e  f r e s h l y  e x p o s e d ,  b u t  i f  t h e s e  t i s s u e s  w e r e  e x p o s e d  t o  t h e  a i r  f o r
l o n g  p e r i o d s ,  o t h e r  m i c r o o r g a n i s m s  f r e q u e n t l y  i n v a d e d  th e m  f i r s t  a n d  t h e s e
o t h e r  f u n g i  w e r e  t h o u g h t  t o  a l t e r  t h e  c o n d i t i o n  o f  t h e  w o o d  i n  s u c h  a
w a y  t o  p r e c l u d e  3 .  p u r p u r e u m . S t e r e u m  p u r p u r e u m  w a s  u n a b l e  t o  i n v a d e
t i s s u e s  w h i c h  h a d  p r e v i o u s l y  b e e n  i n o c u l a t e d  w i t h  S c l e r o t l n i a  clnerea
a n d  D l a p o r t h e  p e r n i c i o a a  t h u s  s u g g e s t i n g  t h a t  t h e  p i o n e e r  o r g a n i s m s
o f t e n  d e t e r m i n e  t h e  s u  c e s s l o n a l  p a t t e r n .
S u c c e s s i o n s  o f  o r g a n i s m s  f o l l o w i n g  w o u n d in g  a r e  i l l u s t r a t e d  i n
s t u d i e s  o f  i n c r e m e n t  - b o r e r  w o u n d s  ( L o r e n z ,  1 9 4 4 ;  H e p t l n g  e t  a l ,  1 9 4 9 ;
T o o l e  a n d  G am m a g e , 1 9 5 9 ;  H a r t  a n d  W a r g o ,  1 9 6 5 ; )  L o r e n z  ( 1 9 4 4 )  f o u n d
t h a t  i s o l a t i o n s  f r o m  s t a i n e d  w o o d ,  i n  a l l  t h e  s p e c i e s  h e  e x a m i n e d  a l w a y s
y i e l d e d  f u n g i ,  o r  b a c t e r i a ,  o r  b o t h ,  d e c a y  b e i n g  g r e a t e s t  a r o u n d  u n -
p l u g g e o  h o l e s .  I n  a d d i t i o n a l  e x p e r i m e n t s  w i t h  f r e s h l y  o u t  b o l t s ,  a n d
e a r l i e r  r e p o r t s  a b o u t  s t o r e d  b o l t s  B a i l e y  ( 1 9 1 0 ) ,  c i t e d  b y  S h i q o  ( 1 9 6 7 ) ,
L o r e n z  ( 1 9 4 4 )  c o n c l u d e d  t h a t  d i s c o l o u r a t i o n s  o& n b e  o f  a  c h e m i c a l  n a t u r e ,  
w i t h o u t  o r g a n i s m s  b e i n g  p r e s e n t ,
/ b u t  i n  l i v i n g  t r e e s ,  o r g a n i s m s  w e r e  a l w a y s  p r e s e n t  i n  d i s c o l o u r e d  t i s s u e s
a n d  d e c a y  f u n g i  w e r e  i s o l a t e d  o n l y  w h e n  t h e s e  o t h e r  o r g a n i s m s  w e r e  p r e s e n t .
S om e o f  t h e  p i o n e e r  o r g a n i s m s  i s o l a t e d  w e r e  i n  t h e  s a m e  g e n e r a  a s  t h o s e
i s o l a t e d  f r o m  d i s c o l o u r e d  t i s s u e s  o f  h a r d w o o d s :  T o r u l a .  C o n i o c h a e t a .
P u a a r i u m  a n d  A l t e r n a r i a .  ( D a v i d s o n  a n d  C o m p b e l l ,  1 9 4 4 ;  G o o d  a n d  X e l s o n  1 9 6 2 ;
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a n d  T o o l e  a n d  G am m ag e , 1 9 5 9 ) *  T o o l e  a n d  G am m age ( 1 9 5 9 )  r e p o r t e d  
s i m i l a r  r e s u l t s  f o r  Q ttg c g q g  f l u t t f i j U U ,  F r a x i n u s  p e n n s v l v a n i c a .  C e l t u s  
i a e r i a - a t a .  a n d  P o p u l u a  d e l t o i d e s .  T h e i r  d a t a
s h o w s  o t h e r  o r g a n i s m s  p r e o e e d i n g  d e c a y  f u n g i ,  s u c h  a s  Penionhora s p e c i e s ,  
s p ,  P p ,j,y .B g rq a  a n d  P o l y p o r u s  a d u a t u s .
H e p t i n g  e t  a l  ( 1 9 4 9 )  s h o w e d  i n  a n  i n c r e m e n t - b o r e r  s t u d y  t h a t  d i f f u s e  
p o r o u s  w o o d  d i s c o l o u r e d  m u c h  m o r e  r a p i d l y  t h a n  r i n g  p o r o u s  w o o d .  I n  
t h i s  s t u d y  t h e r e  w a s  n o  m e n t i o n  o f  d e c a y  i n  so m e  s p e c i e s  w h e r e  t h e  
b o r e r  h o l e s  r e m a i n e d  o p e n  f o r  1 0  y e a r s  i n  t h e  p r e s e n c e  o f  H e c t r i a  s p p * ,  
s o  i t  w o u ld  a p p e a r  t h a t  N e c f r l a  s p p .  m ay  h a v e  i n t e r f e r e d  w i t h  t h e  
s u c c e s s i o n  o f  o r g a n i s m s  l e a d i n g  t o  d e o a y .  ( B r a n d t ,  1 9 6 4 ) *
S o  f a r  s u c c e s s i o n s  i n v o l v i n g  b a c t e r i a  a n d  n o n - h y m e n o m y c e t o u s  f u n g i  
a s  t h e  p i o n e e r  o r g a n i s m s  h a v e  b e e n  d i s c u s s e d .  H o w e v e r  F o m e s  a n n o a u a  
w h ic h  c a u s e s  a  r o o t  d i s e a s e  o f  c o n i f e r s  i s  a  p i o n e e r  t h a t  r e q u i r e s  a  
f r e s h l y  c u t  s t u m p  s u r f a c e  f o r  s u c c e s s f u l  i n v a s i o n .  ( R i s h b e t h ,  1 9 5 1 }
K a a r i k  a n d  R e n n e r f e l t ,  1 9 5 7 }  M e r e d i t h ,  I 9 6 0 } ) .
S t e r e u m  s p p .  l i k e  K a n n o a u s  r e q u i r e  f r e s h  s u b s t r a t e s ,  u n i n h a b i t e d  
b y  o t h e r  o r g a n i s m s ,  f o r  s u c c e s s f u l  i n v a s i o n  ( B r o o k s  a n d  M o o r e ,  1 9 2 6 ) .
S o o n  a f t e r  p i n e  s t u m p s  a r e  e x p o s e d ,  t h e y  a r e  i n v a d e d  q u i c k l y  b y  m a n y  
f u n g i  a n d  F o m e s  a n n o s u s  c a n  c o m p e t e  s u c c e s s f u l l y  w i t h  m a n y  o f  t h e s e  i n  
t h e  e a r l y  s t a g e s .  I t  c a n  g r o w  a l o n g  s t u m p  r o o t s  a l r e a d y  c o l o n i s e d  b y  
a  f e w  f u n g i ,  s u c h  a s  C y J U j y t o f i a r p Q a  a n d  so m e  b l u e - s t a i n
f u n g i ,  b u t  n o t  a l o n g  r o o t s  i n h a b i t e d  b y  n u m e r o u s  o t h e r  o r g a n i s m s  
( R i s h b e t h ,  1 9 5 1 ) .
M e r e d i t h  ( i 9 6 0 )  o o m p a r e d  s u c c e s s i o n s  i n  p i n e  s t u m p s  w i t h  t h o s e  i n  
s t e m s  o f  f a l l e n  d e c i d u o u s  t r e e s .  T h e  p r i m a r y  c o l o n i s e r s  i n  s t u m p s  
w e r e  m a i n l y  l i g n i n  -  d e c o m p o s i n g  f u n g i ,  w i t h  t h e  s u g a r  f u n g i  ( a s  d e f i n e d
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b y  B u r g e s ,  1 9 3 9 ) ,  c o m in g  i n  t h e  l a t e r  s t a g e s  o f  d e c o m p o s i t i o n  i n  b o t h  
d e a d  s t e m s  a n d  s t u m p s .  R i s h b e t h  ( 1 9 5 0 )  r e p o r t e d  t h a t  F o m e s  a n n o s u s  
( F r . ) ( C o o k e ) ,  m ay  b e  r e p l a c e d  u n d e r  n a t u r a l  c o n d i t i o n s  a n d  o n  
a r t i f i c i a l l y  i n o c u l a t e d  r o o t  l e n g t h s  b y  P e n i o p h o r a  g j g a n t e a .  H e 
l a t e r  r e p o r t e d  ( 1 9 5 2 ,  1 9 6 1 ,  1 9 6 3 )  h o w  a r t i f i c i a l  i n o c u l a t i o n  o f  p i n e  
s t u m p s  b y  o i d i a  o f  P .  g j g a n t e a  c o u l d  b r i n g  a b o u t  c o n s i d e r a b l e  r e ­
d u c t i o n  i n  c o l o n i s a t i o n  o f  p i n e  s t u m p s  b y  F o m e s  a n n o s u s  a n d  t h u s  c o n ­
t r i b u t e  t o  t h e  c o n t r o l  o f H s h e  d i s e a s e ,  i k g d i u g w u . .  e t  a l  ( 1 9 7 0 )  m a d e  
o b s e r v a t i o n s  o n  a  c u l t u r e  o f  F o m e s  a n n o s u s  d e r i v e d  f r o m  a  s p o r o p h o r e  
c o l l e c t e d  o n  a  p i n e  s t u m p  a n d  a  s t r a i n  o f  P .  g j g a n t e a .  W hen i n o c u l a  
o f  t h e  2  f u n g i  w e r e  p l a c e d  o n  o p p o s i t e  s i d e s  o f  a  p e t r i  d i s h  o n  m a l t  
a g a r ,  t h e  tw o  c o l o n i e s  g r e w  t o w a r d s  e a c h  o t h e r  a n d  t h e r e  w a s  n o  e v i d e n c e  
o f  a  r e d u c t i o n  o f  t h e  g r o w t h  r a t e  o f  t h e  F o m e s  h y p h a e  a s  t h e  c o l o n i e s  
a p p r o a c h e d  e a c h  o t h e r .  T h i s  s u g g e s t s  t h a t  t h e r e  i s  n o  r e a d i l y  d i f f u s i b l e  
a n t a g o n i s t i c  f a c t o r  s e c r e t e d  i n  a d v a n c e  o f  t h e  P e n i o p h o r a  h y p h a e  c a u s i n g  
i n h i b i t i o n  o f  t h e  g r o w t h  o f  F o m e s  h y p h a e .  T h i s  w a s  c o n f i r m e d  b y  t h e  
c e l l o p h a n e  t e c h n i q u e  o f  G i b b s  ( 1 9 6 7 ) ,  I t  w a s  c o n c l u d e d  t h a t  t h e  a n ­
t a g o n i s m  s h o w n  b y  P t  a g a i n s t  F ,  a n n o s u s  i n  b o t h  n a t u r a l  a n d
a r t i f i c i a l  s i t u a t i o n s  i s  p o s s i b l y  e f f e c t e d  b y  m e a n s  o f  h y p h a l  i n t e r f e r e n c e .  
T h e r e  i s  a n  a p p r e c i a b l e  l i t e r a t u r e  o n  s u c c e s s i o n s  i n v o l v i n g  r o o t  
o r g a n i s m s  o t h e r  t h a n  F o m e s  a n n o s u s .  B o u r c h i e r  ( l 9 6 l )  r e p o r t e d  o n  a  
s u c c e s s i o n  o f  f u n g i  o n  l i v i n g  i n v o l v i n g  S t e r e u m  p i n i .
D o m a n s k i  a n d  D z i e c i o t o w s k i  ( 1 9 5 5 )  g a v e  a n  a c c o u n t  o f  a  s u c c e s s i o n  o f  
b u t t - r o t  f u n g i  o n  PjjM&a., . f iy J L v e f l ta te  w h e r e  P p . t o g X M  S X . T 9 ,
F h a e l o l u s  ( P g j y j p p j u f l l  S g .k h g l f tL ta U .  a n d  S j? & r .a s .a .4 a , i? .r i ,g ^  w e r e  r e p o r t e d  t o  
h a v e  p r e p a r e d  t h e  w a y  f o r  t h e  p e n e t r a t i o n  t o  t h e  b u t t  b y  T e r u l a  s p ,  
a n d  H a r ip g r a p h iu m  s p .  T h e y  s t a t e d  t h a t  e v i d e n c e  i n d i c a t e d  t h a t  t h e
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l a t t e r  f u n g i  w e r e  c a p a b l e  o f  d e c a y i n g  h e a r t w o o d  b e c a u s e  t h e  d i s c o l o u r e d  
z o n e  t h a t  s u r r o u n d e d  t h e  d e o a y  e x t e n d e d  i n  9om e t r e e s  t o  w o o d  u n o c c u p i e d  
b y  t h e  d e c a y  f u n g i .  T h e i r  r e s u l t s  m ay  b e  i n t e r p r e t e d  i n  a  d i f f e r e n t  
w a y ;  t h a t  i s ,  t h a t  n o n  h y m e n o m y c e te s  i n v a d e d  f i r s t  e v e n  i n t o  u n c o l o n i s e d  
w o o d  a n d  t h e  d e c a y  f u n g i  f o l l o w e d .  I n  h a r d w o o d s ,  S h i g o  ( 1 9 6 5 b )  r e p o r t e d  
t h a t  d e o a y  f u n g i  c a n  g r o w  t h r o u g h  t h e  d i s c o l o u r e d  w o o d , b u t  a  z o n e  o f  
d i s c o l o u r e d  t i s s u e ,  i n f e c t e d  b y  n o n - H y m e n o m y c e te s  p e r s i s t s  b e t w e e n  t h e  
u n i n f e c t e d  w o o d  a n d  t h e  d e o a y .  I n  so m e  c a s e s  t h e  r e s i s t a n c e  o f  t h e  t r e e  
i s  g r e a t e r  t h a n  t h e  f o r c e  o f  t h e  i n v a d i n g  o r g a n i s m s .  M any  r e p o r t s  d e m o n ­
s t r a t e  t h e  p r e s e n c e  o f  f u n g i s t a t i e  a n d  f u n g i c i d a l .  s u b s t a n c e s  i n  d i f f e r e n t  
f r a c t i o n s  o f  t h e  w o o d  a n d  a l s o  s u g g e s t  d i f f e r e n c e s  b e t w e e n  t h e  h e a r t w o o d  
a n d  s a p w o o d  w i t h i n  t h e  s a m e  s p e c i e s  ( S c h e f f e r ,  1 9 4 9 }  R u d m an  1 9 5 9 ,  1 9 6 2 ,
1 9 6 5 }  L e v i  a n d  C o w l i n g ,  1 9 6 8 }  H a r t  a n d  H i l l i s ,  1 9 7 2 }  S h r i p m t o n  1 9 7 3 ) .
S om e o r g a n i s m s  c a n  a l t e r  t h e s e  t o x i c  s u b s t r a t e s  o r  d e t o x i f y  th e m  a n d  o p e n  
t h e  w a y  f o r  i n v a s i o n  b y  o t h e r  w o o d  -  i n h a b i t i n g  o r g a n i s m s  ( D u n c a n  a n d  
D e v e r a l l ,  1 9 6 4 ) .  A n e x a m p l e  i s  F l s t u l i n a  h e p a t i c a .  w h ic h  g r o w s  o n  
OttVKfiHg a P P *  a n d  C a s t a n e a  s p p .  i n  n a t u r e .  T h i s  f u n g u s  w i l l  g r o w  i n  a  
m e d iu m  c o n t a i n i n g  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  o f  t a n n i n s  .  S u c h  a  
m e d iu m  i n h i b i t s  t h e  g r o w t h  o f  m a n y  o t h e r  o r g a n i s m s  ( C a r t w r i g h t  a n d  F i n d l a y  
1 9 5 0 ) .
T h e r e  a r e  m a n y  s t u d i e s  o n  t i m b e r  i n d i c a t i n g  t h a t  c e r t a i n  f u n g i  h a v e  
a  h i g h  t o l e r a n c e  t o  m a t e r i a l s  c o n t a i n i n g  a r s e n i c ,  ( K a u f e r t  a n d  S c h m i t z ,
1 9 3 7 }  M a d h o s i n g h ,  1 9 6 1 ) ;  m e r c u r y  ( F a r g h e r  e t  a l ,  1 9 3 0 ;  K i e s s l i n g ,  1 9 6 1 ) ;  
m e t h y l  s a l i c y l a t e  ( V e r r a l l ,  1 9 3 7 ) *  C r e o s o t e  ( C h r i s t e n s e n  e t  a l ,  1 9 4 2 ) }  
f l u o r i d e s  ( S c h e f f e r  a n d  L i n d g r e n ,  1 9 3 2 ;  L i n d g r e n  a n d  H a r v e y ,  1 9 5 2 ) ;  
c o p p e r  ( B a y l e y  a n d  W e a t h e r b u r n ,  1 9 4 5 }  H i r t ,  1 9 4 9 b )  t o  m e n t i o n  a  f e w .
S om e o f  t h e  m o r e  com m on f u n g i  w i t h  t h i s  c a p a c i t y  a r e  s p e c i e s  o f  P e n i c i l l i u m  
L, G l i o c l a d i u m .  A s p e r g i l l u s ,  a n d  A l t e r n a r i a .  S om e
-18-
m a t e r i a l s  a r e  t o x i c  t o  m a n y  f u n g i  a n d  y e t  s t i m u l a t e  t h e  g r o w t h  o f  o t h e r s  
( V e r r a l l  1 9 4 9 ) .  G r e a v e s  ( 1 9 7 2 )  r e p o r t e d  t h a t  t r e a t m e n t  o f  s t a k e s  w i t h  
c o p p e r - c h r o m e  a r s e n a t e  p r e v e n t s  e a r l y  c o l o n i s a t i o n  o f  p i n e  h u t  i s  n o t  
s o  e f f e c t i v e  i n  t h e  E u c a l y p t u s  w o o d  n o r  d o e s  i t  a p p e a r  t o  h a v e  a  
s i g n i f i c a n t  e f f e c t  o n  t h e  d i v e r s i t y  o f  m i c r o o r g a n i s m s  w h ic h  c o l o n i s e  t h e  
tw o  w o o d s .  F o r  t h e  f i r s t  tw o  m o n t h s  P e n i c i l l i n  a r e  t h e  p r e d o  i n a t l n g  
m e m b e r s  o f  t h e  p o p u l a t i o n .  T r l c h o d s r m a  v i r i d c .  P a e c l l o m v a a  . F u m o - r o a e u a .  
a n d ,  C l a d o s p o r i u a  s p  a r e  a l s o  f r e q u e n t l y  i s o l a t e d .  A t  4  m o n t h s  m o r e  
a c t i v e  s o f t - r o t t i n g  f u n g i  c a n  b e  i s o l a t e d  e . g .  r l o b o g w
a n d  H u m ic o l a  g r i s e a  t o g e t h e r  w i t h  F u s a r i a  a n d  P h y c o m y o e t e s .  B & t e r i a  
c o l o n i s e  t h e  s t a k e s  a t  a  v e r y  e a r l y  s t a g e ,  t h e  p o p u l a t i o n  c h a n g i n g  
l i t t l e  o v e r  t h e  i n i t i a l  p e r i o d  o f  s t u d y .  B & s i d i o m y c e t e s  w e r e  o b s e r v e d  
b y  m i c r o s c o p y  i n  s e c t i o n s  o f  t h e  s t a k e s  b u t  n o t  i s o l a t e d  d u r i n g  t h e  f i r s t  
7  m o n t h s .
H e a r t - r o t  c a u s e d  p r i m a r i l y  b y  H y m e n o m y c e te s  i s  t h e  m a j o r  c a u s e  o f  
l o s s  i n  l i v i n g  t r e e s ,  b u t  l i t t l e  h a s  b e e n  d o n e  t o  e o n t r o l  t h e s e  l o s s e s  
o t h e r  t h a n  t o  r e d u c e  t h e  a m o u n t  o f  w o u n d i n g ,  s i n c e  m o s t  o f  t h e  p a t h o g e n s  
a r e  w o u n d  p a r a s i t e s .  T h e  m o s t  c r i t i c a l  s t g g e s  i n  t h e  l i f e  o f  a  w o o d -  
r o t t i n g  f u n g u s  a r e  s p o r e  g e r m i n a t i o n  a n d  i n t i a l  p e n e t r a t i o n  o f  t h e  h o s t .  
A t t h e s e  s t a g e s  t h e  p a t h o g e n  i s  m o s t  d e p e n d e n t  u p o n  a n d  s u s c e p t i b l e  t o  
t h e  i n f l u e n c e s  o f  t h e  p h y s i c a l ,  c h e m i c a l  a n d  b i o l o g i c a l  e n v i r o n m e n t .  A ny  
c o n t r o l  m e a s u r e s ,  w h e t h e r  b i o l o g i c a l  o r  c h e m i c a l ,  d e s i g n e d  t o  m o d i f y  t h e  
i n f e c t i o n  c o u r t  i n  o r d e r  t o  m i n i m i s e  c h a n g e s  o f  i n f e c t i o n  w o u ld  h a v e  t o  
b e  b a a e d  u p o n  s o u n d  k n o w l e d g e  o f  i n f e c t i o n  c o u r t  p h e n o m e n a .
F r i e s  ( 1 9 6 6 )  s u m m a r i s e d  t h e  c u r r e n t  v i e w  r e g a r d i n g  g e r m i n a t i o n  o f  
w o o d - r o t t i n g  H y m e n o m y c e te s .  •  I t  h a s  l o n g  b e e n  k n o w n  t h a t  t h e  l i g n i o o l c u s
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f u n g i ,  i . e . t h o s e  l i v i n g  o n  wood, a l s o  a r e  r e l a t i v e l y  e a s y  t o  c u l t i v a t e .
P r a c t i c a l l y  a l l  s p e c i e s  o f  ...........................t h e  P o l y p o r a l e s  c a n  b e  g r o w n  f r o m
s p o r e s  w i t h o u t  d i f f i c u l t y ,  g e r m i n a t i o n  o f t e n  t a k i n g  p l a c e  i n  p u r e  w a t e r .  
B a v e n d a m n  ( 1 9 3 6 )  a n d  K n e e b o n e  ( 1 9 5 0 )  r e v i e w e d  s p o r e  g e r m i n a t i o n  i n  t h e s e  
f u n g i .  O f  3 3 7  s p e c i e s  o f  w o o d - r o t t i n g  f u n g i  l i s t e d  b y  K n e e b o n e ,  3 2 2  
h a d  b e e n  g e r m i n a t e d  o n  w a t e r  o r  n u t r i e n t  a g a r ;  h e  d i d  n o t  d i s t i n g u i s h  
b e t w e e n  t h e  tw o  m e d i a .  F o r  105 s p e c i e s  w h ic h  K n e e b o n e  ( 1 9 5 0 )  l i s t e d ,  
a n d  f o r  w h i c h  i n f o r m a t i o n  a s  t o  t h e  u s u a l  s u b s t r a t e  o f  t h e  f u n g u s  i s  
a v a i l a b l e ,  7 5  s p e c i e s  a r e  t h o s e  c o n f i n e d  t o  s l a s h  o r  d e a d  t r e e s  a n d  
b r a n c h e s .  T h e  r e m a i n i n g  3 0  s p e c i e s  a r e  r a r e l y  o r  o n l y  o c c a s i o n a l l y  
f o u n d  o n  l i v i n g  t r e e s .  H e n o e  m u ch  o f  t h e  p r e s e n t  k n o w l e d g e  a v a i l a b l e  
c o n c e r n i n g  s p o r e  g e r m i n a t i o n  o f  t h e  w o o d - r o t t i n g  H y m e n o m y c e te s  c o n c e r n s  
t h e  t r u l y  s a p r o p h y t i e  s p e c i e s  r a t h e r  t h a n  t h o s e  w h ic h  a r e  p a r a s i t i c  a n d  
c a u s e  h e a r t  r o t  o n  l i v i n g  t r e e s .
B a a i d i o s p o r e s  o fm a iy  s p e c i e s  o f  H y m s n o m y c e te s  a r e  a b l e  t o  g e r m i n a t e  
a s  s o o n  a s  t h e y  a r e  l i b e r a t e d  ( H i r t ,  1 9 2 8 ;  1 9 3 2 ;  J a y ,  1 9 3 4 ;  M o r t o n ,  1 9 6 4 ;  
P a i n e ,  1 9 6 9 ; ) *  M o s t  o f  t h e  s p e c i e s  w h ic h  g e r m i n a t e  r a p i d l y  a p p e a r  t o  b e  
t h o s e  w h ic h  a t t a c k  p r i m a r i l y  d e a d  s t a n d i n g  t r e e s  o r  s l a s h .  O t h e r  s p e c i e s  
a p p a r e n t l y  r e q u i r e  a  l a t e n t  p e r i o d  o f  s e v e r a l  d a y s  b e t w e e n  l i b e r a t i o n  a n d  
g e r m i n a t i o n . ( H o f f m a n ,  1 8 6 0 ;  M a n i o n ,  1 9 6 7 ) .  T h e s e  l a t t e r  w o r k e r s * h a v e  
m a d e  t h e  a s s u m p t i o n  t h a t  n u t r i e n t  a g a r  o r  f r e s h  s a p w o o d  a r e  f a v o u r a b l e  
s u b s t r a t e s  f o r  s p o r e  g e r m i n a t i o n .  I n  f a c t ,  t h e  l a t e n t  p e r i o d  m ay  b e  a n  
a r t i f a c t  c r e a t e d  b y  l a b o r a t o r y  c o n d i t i o n s .  M e r r i l l  ( 1 9 7 0 )  r e p o r t e d  t h a t  
b a s i d i o s p o r e s  o f  m a n y  H y m e n o m y c e te s  w h ic h  c a u s e  h e a r t  r o t  s e l d o m  o r  n e v e r  
g e r m i n a t e  i n  t h e  l a b o r a t o r y ,  e v e n  w h e n  p l a c e d  o n  n a t u r a l  s u b s t r a t a .  H e 
s t a t e d  t h a t  h e  h a s  n e v e r  b e e n  a b l e  t o  o b t a i n  g e r m i n a t i o n  o f  s p o r e s  o f  
Esms. m t f i a r t U t  P o ly p o r U B  . h i s o i d u a  P . l u c i d u s . a n d  P .  t s u a g e
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G e r m i n a t i o n  i n  o t h e r  s p e c i e s  o f t e n  v a r i e s  g r e a t l y  a m o n g  s p o r e  c o l l e c t i o n s  
f r o m  d i f f e r e n t  b a s i d i o c a r p s a t  t h e  s a m e  t i m e ,  o r  d i f f e r e n t  c o l l e c t i o n s  f r o m  
t h e  s a m e  b a s i d i o c a r p s  a t  d i f f e r n t  t i m e s .  T h e  a m o u n t  o f  g e r m i n a t i o n  
f r e q u e n t l y  i s  o n l y  a  f e w  p e r c e n t a n d  i s  o f t e n  l e s s  t h a n  1 $  ( B a i l e y ,  1 9 4 1 ;  
B ro w n , 1 9 7 0 ;  G o o d  a n d  S p a j a i s ,  1 9 5 8 ;  P a i n e ,  1 9 6 9 ;  W h i t n e y ,  1 9 6 6 ) .
B e c a u s e  o f  lo w  p e r c e n t a g e s  o f  g e r m i n a t i o n  o r  e r r a t i c  g e r m i n a t i o n  
s o m e  w o r k e r s  h a v e  c o n c l u d e d  t h a t  t h e  i n h e r e n t  v i a b i l i t y  o f  b a s i d i o e p o r e s  
i s  l o w ,  B a i l e y  ( l 9 4 l )  o b t a i n e d  e r r a t i c  a n d  lo w  p e r c e n t a g e s  o f  g e r m i n a t i o n  
o f  s p o r e s  o f  g f i t o V T O  ,& g .m ih U H g  a n d  t h e n  o n l y  i n  a  m e d iu m  i n  w h ic h  
m y c e l iu m  o f  t h e  f u n g u s  h a s  p r e v i o u s l y  b e e n  g r o w n .  M o r to n  ( 1 9 6 4 )  f o u n d  
t h a t  m y c e l iu m  o f  t h i s  s p e c i e s  s e c r e t e d  v o l a t i l e s  w h ic h  s t i m u l a t e d  s p o r e  
g e r m i n a t i o n ;  h e  l a t e r  o b t a i n e d  u p  t o  9 2 $  g e r m i n a t i o n  w h e n  s p o r e B  o f  t h i s  
s p e c i e s  w e r e  p l a c e d  i n  a t m o s p h e r e s  e n r i c h e d  w i t h  CO^ o r  v o l a t i l e s  f r o m  
m y c e l i a l  c o l o n i e s  o f  C e r a t o c y s t i s  f a g a c e a n u m .  B ro w n  ( 1 9 7 0 )  o b t a i n e d  u p  t o  
7 8 $  g e r m i n a t i o n  o f  s p o r e s  o f  F .  a p p l a n a t u s  i n  l e s s  t h a n  1  w e e k ,  b u t  o n l y  
i f  t h e  s p o r e s  w e r e  p l a c e d  n e a r  t o  c o l o n i e s  o f  c e r t a i n  f i l a m e n t o u s  f u n g i ,  
y e a s t s  o r  b a c t e r i a .  H o w e v e r ,  o r g a n i s m s  w h ic h  s t i m u l a t e  g e r m i n a t i o n  o f
w i l l  » o t  s t i m u l a t e  g e r m i n a t i o n  o f  F .  r i m o s u s  ; t h u s  i t  i s  
p o s s i b l e  t h a t  d i f f e r e n t  s p e c i e s  r e q u i r e  d i f f e r e n t  s t i m u l a n t s  ( M e r r i l l ,  
1 9 7 0 ) .
A l t h o u g h  i t  i s  g e n e r a l l y  s t a t e d  t h a t  b a s i d i o s p o r e s  o f  m o s t  x y l o p h i l i c  
H y m e n o m y c e te s  r e q u i r e  o n l y  m o i s t u r e  t o  g e r m i n a t e ,  m a n y  s p e c i e s  d o  n o t  
g e r m i n a t e  o r  g e r m i n a t e  o n l y  s p a r s e l y  a n d  e r r a t i c a l l y  i n  d i s t i l l e d  w a t e r  
o r  o n  w a t e r  a g a r .  ( M e r r i l l ,  1 9 7 0 ) .  T h i s  s u g g e s t s  t h a t  t h e s e  f u n g i  
r e q u i r e  e x t e r n a l  n u t r i e n t s  o r  g r o w t h  s t i m u l a t o r s .  H o w e v e r ,  t h i s  m ay  n o t  
b e  c o r r e c t  f o r  d i s t i l l e d  w a t e r  m ay  c o n t a i n  t . o x i o  i o n s  f r o m  n o n - g l a s s
♦
s t i l l s  o r  f r o m  I m p r o p e r  g l a s s - d i s t i l l a t i o n .  R u m b o ld  ( l 9 1 l )  f o u n d  t h a t  
a l t h o u g h  s p o r e s  o f  L e n s i t e s  s a e D i a r i a  g e r m i n a t e d  i n  r a i n  w a t e r ,  o r  t w i c e
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d i s t i l l e d  w a t e r ,  t h e y  d i d  n o t  g e r m i n a t e  i n  o n c e - d i s t i l l e d  w a t e r *  On 
t h e  o t h e r  h a n d ,  i n  t h e  s a m e  w o r k ,  s p o r e s  o f  P o l v p o r u s  v e r s i c o l o r  
g e r m i n a t e d  i n  r a i n  w a t e r  a n d  i n  o n c e  o r  t w i c e  d i s t i l l e d  w a t e r *
H o w e v e r  e v e n  t h r o u g h  s p o r e s  m a y  h a v e  g e r m i n a t e d  i n  d i s t i l l e d  w a t e r ,  
s p e e d  a n d  p e r c e n t a g e  o f  g e r m i n a t i o n  w a s  a l w a y s  g r e a t e r  i n  t h e  p r e s e n c e  
o f  s o l u b l e  n u t r i e n t s .  ( B u l l e r  1 9 0 6 ;  J a y  1 9 3 4 ;  M a n io n  1 9 6 7 ;  P a i n e ,  1 9 6 9 ) .
M any  p r e v i o u s  s t u d i e s  o n  s p o r e  g e r m i n a t i o n  h a v e  e m p l o y e d  w a t e r  a g a r *  
G e r m i n a t i o n  o f  s p o r e s  o n  w a t e r  a g a r  i s  n o t  p r o o f  t h a t  e x t e r n a l  n u t r i e n t s  
o r  g r o w t h  s t i m u l a n t s  a r e  n o t  r e q u i r e d  b y  t h e  o r g a n i s m .  L e o m a n  ( 1 9 4 0 )  a n d  
R o b b i n s  ( 1 9 3 9 )  h a v e  s h o w n  t h a t  a g a r  c o n t a i n s  so m e  g r o w t h  s t i m u l a n t s ,  
w h i l e  F r i e s  ( l 9 4 l )  f o u n d  so m e  s u b s t a n c e s  i n  a g a r  t o  b e  g r o w t h  i n h i b i t i n g .  
S p o r e s ,  c o l l e c t e d  f r o m  s p o r o p h o r e s  p r o d u c e d  i n  n a t u r e ,  w h i c h  g e r m i n a t e  
r e a d i l y  i n  w a t e r ,  m ay  b e  s o a t e d  w i t h  m a t e r i a l s  e x u d e d  f r o m  t h e  s p o r o p h o r e  
o r  s e c r e t e d  b y  b a c t e r i a ,  y e a s t s  a n d  f u n g i  i n h a b i t i n g  t h e  h y m e n iu m , i n  
t h e  a b s e n c e  o f  w h i c h  g e r m i n a t i o n  w o u ld  n o t  h a v e  o c c u r r e d *
Z e l l e r  ( l 9 2 0 ) a n d  M o r to n  ( 1 9 6 4 )  s t u d i e d  s p o r e  g e r m i n a t i o n  o n s h a v i n g s  
o r  m i c r o t o m e  s e c t i o n s  o f  w o o d  h e l d  a t  v a r i o u s  h u m i d i t i e s  t o  d e t e r m i n e  
t h e  m o i s t u r e  c o n t e n t  o f  t h e  w o o d  r e q u i r e d  f o r  g e r m i n a t i o n .  T h e  r e s u l t s  
o f  t h e s e  w o r k e r s  a r e  q u e s t i o n a b l e  s i n c e  b o t h  u s e d  s a t u r a t e d  s a l t  s o l u t i o n s  
t o  m a i n t a i n  t h e  r e l a t i v e  h u m i d i t y  a n d  d i d  n o t  c o n s i d e r  p r e c i s e  t e m p e r a t u r e  
c o n t r o l .  H o w e v e r ,  i t  s e e m s  p r o b a b l e  t h a t  s p o r e s  o f  h e a r t - r o t t i n g  f u n g i  
r e q u i r e  f r e e  m o i s t u r e  t o  g e r m i n a t e .
I t  i s  g e n e r a l l y  c o n s i d e r e d  t h a t  b a s i d i o s p o r e s  a r e  s e n s i t i v e  t o  d r y i n g  -  
o u t  a n d  u s u a l l y  d o  n o t  s u r v i v e  l o n g  i n  n a t u r e .  T h i s  m ay  b e  t r u e  o f  m a p y  
s p e c i e s  ( M a l o y ,  1 9 6 3 ) ,  b u t  s p o r e s  o f  m ay  o t h e r  s p e c i e s  s u r v i v e  s e v e r a l  
w e e k s  u n d e r  a i r - d r y  c o n d i t i o n s .  ( B u l l e r ,  1 9 6 6 ;  H a r r i s o n  1 9 4 2 ) *
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A l t e r n a t e  w e t t i n g  a n d  d r y i n g  i e  d e s t r u c t i v e  t o  s p o r e s  a n d  d e a d  
b r a n c h e s  n a y  b e c o m e  m o i s t  e n o u g h  t o  p e r m i t  s p o r e  g e r m i n a t i o n ,  b u t  
d r y  o u t  s o  r a p i d l y  t o  p r e v e n t  s u b s e q u e n t  c o l o n i s a t i o n .  E t h e r i d g e  ( l 9 6 l )  
f o u n d  t h a t  o n l y  a f t e r  c o n s i d e r a b l e  r a i n  d i d  a s p e n  b r a n c h e s  b e c o m e  s u f f i c i e n t l y  
w e t  l o n g  e n o u g h  t o  p e r m i t  i n f e c t i o n .
M e r r i l l  ( 1 9 7 0 )  i n  h i s  r e v i e w  o f  s p o r e  g e r m i n a t i o n  a n d  h o s t  p e n e t r a t i o n  
s u m m is e d  t h a t  t h e r e  h a v e  b e e n  r e l a t i v e l y  f e w  o r i t i c a l  s t u d i e s  o f  i n ­
f e c t i o n —c o u r t  p h e n o m e n a .  T h e  p r e s e n t  k n o w l e d g e  c o n c e r n s  b e h a v i o u r  o f  
s a p r o p h y t i c  s p e c i e s  i n v o l v e d  i n  p r o d u c t s  d e t e r i o r a t i o n  o r  d e c a y  o f  s l a s h  
a n d  d e a d  t i m b e r .  A v a i l a b l e  i n f o r m a t i o n  s u g g e s t  t h a t  b e h a v i o u r  o f  s u c h  
s a p o p h y t i c  s p e c i e s  m ay  d i f f e r  m a r k e d l y  f r o m  t h a t  o f  n e c r o t r o p h i e  p a r a s i t e s  
t h a t  c a u s e  h e a r t  r o t  o f  l i v i n g  t r e e s .  C o m m o n ly  t h e  m a n y  w o u n d s  i n c u r r e d  
b y  l i v i n g  t r e e s  t h r o u g h  t h e i r  l i f e t i m e  m ay  s e r v e  a s  i n f e c t i o n  c o u r t s  f o r  
h e a r t r o t t i n g  o r g a n i s m s .  I t  s e e m s  p r o b a b l e  t h a t  m o i s t u r e ,  t e m p e r a t u r e ,  
n u t r i e n t s  a n d  s i m i l a r  f a c t o r s  m u s t  b e  f a v o u r a b l e  f o r  i n f e c t i o n  o f  t h e s e  
w o u n d s  a t  so m e  t i m e s  d u r i n g  t h e  y e a r .  A v a i l a b l e  i n f o r m a t i o n  w o u ld  s u g g e s t  
t h a t  t h e  i m p o r t a n t  f a c t o r s  c o n t r o l l i n g  i n f e c t i o n  v i a  t h e s e  w o u n d s  a r e  t h e  
m i c r o f l o r a  o f  t h e  i n f e c t i o n  c o u r t  a n d  t h e  n o r m a l l y  o c c u r r i n g  i n h i b i t o r y  
s u b s t a n c e s  p r e s e n t  i n  w o o d .
M e r r i l l  ( 1 9 7 0 )  d i v i d e s  h e a r t - r o t t i n g  H y m e n o m y e e te s  i n t o  f o u r  g r o u p s .
T h e  f i r s t  c o n s i t s  o f  f u n g i  s u c h  a s  S t e r e u m  s a n g u l n o l e n t u m  a n d  F o m e s  
f o m e n t a r i u s .  T h e  s p o r e s  o f  t h e s e  r e a d i l y  g e r m i n a t e  i n  d i s t i l l e d  w a t e r  
o n  g l a s s  a s  d o  t h e  s p o r e s  o f  m o s t  s a p r o p h y t i c  s p e c i e s .  I t  m ay  n o t  b e  
v a l i d  h e r e  t o  c o n s i d e r  t h e s e  s p e c i e s  a s  t r u e  h e a r t - r o t t e r s  s i n c e  t h e y  
o c c u r  a s  v i g o r o u s  c o l o n i s e r s  o f  s l a s h .  T h e  a b i l i t y  o f  t h e s e  s p o r e s  t o  
g e r m i n a t e  I s  p r o b a b l y  c o n t r o l l e d  b y  e x t r a c t i v e s  i n  t h e  h o s t .
T h e  s e c o n d  g r o u p  c o n s i s t s  o f  s p e c i e s  w h ic h  g e r m i n a t e  p o o r l y  i n  
d i s t i l l e d  w a t e r  b u t  r e a d i l y  o n  s e c t i o n s  o f  h o s t  m a t e r i a l s .  T h e s e  f u n g i
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i n c l u d e  P o l y p c r u s  b e t u l i n u a  a n d  F o n e s  p i n i c o l a .  T h e s e  s p e c i e s  a l s o  
o c c u r  a s  s a p r o p h y t e s  a n d  i t  i s  p r o b a b l e  t h a t  c o l o n i s a t i o n  i s  c o n t r o l l e d  
e i t h e r  b y  e x t r a c t i v e s  o r  n i c r o f l o r a  w i t h i n  t h e  h o s t .
T h e  t h i r d  g r o u p  c o n s i s t s  o f  s p e c i e s  w h ic h  g e r m i n a t e  p o o r l y  o r  n o t  
a t  a l l  i n  d i s t i l l e d  w a t e r ,  b u t  r e a d i l y  g e r m i n a t e  o n  f r e s h  u n c o l o n i s e d  
h o s t  m a t e r i a l *  F a c t o r s  i n f l u e n c i n g  t h i s  g r o u p  a r e  u n k n o w n  b u t  t h e y  a r e  
i n f l u e n c e d  t o  so m e  e x t e n t  b y  c o m p e t i n g  m i c r o o r g a n i s m s  a n d  w o o d  e x t r a c t i v e s *
T h e  f o u r t h  g r o u p  c o n s i s t s  o f  s p e c i e s  w h i c h  d o  n o t  g e r m i n a t e  i n  
d i s t i l l e d  w a t e r  o r  o n  h o s t  t i s s u e s *  T h e s e  s p e c i e s  a r e  s t i m u l a t e d  t o  
g e r m i n a t e  b y  a s  y e t  u n k n o w n  m a t e r i a l s  l i b e r a t e d  b y  m i c r o o r g a n i s m s  w h i c h  
m ay  o c c u r  e a r l i e r  i n  t h e  s u c c e s s i o n *  E x a m p le s  a r e  F o m e s  a n p l a n a t u a  
( B r o w n ,  1 9 7 0 )  a n d  P o l y p o r u s  d r y o p h l l u B  ( B o r t o n  1 9 6 7 ) .
D * E * E t h e r i d g e  c i t e d  b y  M e r r i l l  ( 1 9 7 0 )  p o s t u l a t e s  t h a t  t h e  r e a s o n  w hy  
s p o r e s  o f  so m e  s p e c i e s  d o  n o t  g e r m i n a t e  i s  t h a t  a l t h o u g h  t h e y  a r e  
n u t r i t i o n a l l y  i n d e p e n d e n t ,  g e r m i n a t i o n  i s  c o n t r o l l e d  b y  f a c t o r s  a f f e c t i n g  
t h e p e r r a e a b i l i t y  o f  t h e  s p o r e  w a l l  o r  m e m b ra n e s *  H e n c e  i f  t h e  s p o r e s  a r e  
u n a b l e  t o  i m b i b e  w a t e r ,  t h e y  d o  n o t  g e r m i n a t e *  H o s t  f a c t o r s  a n d  m a t e r i a l s  
s e c r e t e d  b y  m i c r o o r g a n i s m s  w h ic h  s t i m u l a t e  g e r m i n a t i o n  o f  t h e s e  f u n g i  
a r e  n o t  n u t r i e n t s  b u t  m a t e r i a l s  w h ic h  i n  so m e  w ay  e i t h e r  a l t e r  t h e  
p e r m e a b i l i t y  o f  t h e  s p o r e  o r  i n i t i a t e  m e t a b o l i c  p r o c e s s e s  w h ic h  i n  t u r n  
a l t e r  t h e  p e r m e a b i l i t y  o f  t h e  s p o r e *  T h i s  h y p o t h e s i s  h a s  y e t  t o  b e  
t e s t e d *
O n c e  s p o r e s  h a v e  g e r m i n a t e d  t h e  n e x t  p h a s e  t o  b e  t a k e n  i n t o  a c c o u n t  
i s  t h e  i n i t i a l  p e n e t r a t i o n  o f  t h e  h o s t  t i s s u e .  A g o o d  p i c t u r e  o f  t h e  
c h a n g e s  w h ic h  o c c u r  i n  w o o d  d u r i n g  m i c r o b i a l  d e c o m p o s i t i o n  h a s  b e e n  b u i l t
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u p  u s i n g  l i g h t  m i c r o s c o p y ,  p o l a r i z a t i o n  a n d  f l u o r e s c e n c e  o p t i c s .  X - r a y  
d e f r a c t i o n  m e t h o d s  a s  w e l l  a s  h i s t o c h e m i c a l  r e a c t i o n s  a n d  t h e  e l e c t r o n  
m i c r o s c o p e .  A r e v i e w  p r e s e n t e d  b y  L i e s e  ( 1 9 7 0 )  i s  a  c r i t i c a l  a n d  i n t e r ­
p r e t a t i v e  a p p r a i s a l  o f  t h e  p r e s e n t  e t a t e  o f  k n o w l e d g e .  W ood i s  a t t a c k e d  
b y  b a c t e r i a  a n d  f u n g i  t h a t  o a u s e  b l u e  s t a i n ,  s o f t  r o t ,  b r o w n  r o t  o r  w h i t e  
r o t ,  e a c h  o f  th e m  l e a d i n g  t o  a  d i f f e r e n t  m o r p h o l o g i o & l  a n d  c h e m i c a l  
d e t e r i o r a t i o n .  ( M e i e r  ,  1 9 5 5 f C o w l i n g ,  1 9 6 5 ;  ( i p S a v e s  a n d  L e v y ,  1 9 6 5 ;
S e i f e  t ,  1 9 6 8 ;  W i l o o x ,  1 9 6 8 ) ,
T h e  b l u e  s t a i n  f u n g i  s o  n a m e d  b e c a u s e  t h e y  c a u s e  a  s a p w o o d  d i s ­
c o l o u r a t i o n  t h a t  i s  m a i n l y  d u e  t o  t h e  p i g m e n t e d  h y p h a e ,  i n i t i a l l y  g r o w  
i n s i d e  t h e  p a r e n c h y m a  c e l l s ,  e s p e c i a l l y  t h e  r a y s ,  w h e r e  t h e y  o b t a i n  t h e i r  
n u t r i e n t s . ( S a c h s  e t  a l  1 9 7 0 ;  C a s a g r a n d e  a n d  O v e l l e t t e ,  1 9 7 1 ) .  S i n c e  t h e  
b l u e  s t a i n  f u n g i  a r e  s u p p o s e d  t o  l a c k  a n  e n z y m e  s y s t e m  c a p a b l e  o f  d e ­
g r a d  i n  t h e  w a l l  c o n s t i t u e n t s ,  i t  i s  n o t  c l e a r  how  t h e  h y p h a e  c a n  i n v a d e  
t h e  l i g n i f i e d  c e l l s  w i t h o u t  a n  a p p a r e n t  e n z y m a t i c  d e t e r i o r a t i o n  o f  t h e  
c e l l  w a l l .  I n v e s t i g a t i o n s  o n  t h e  e c t o e n s y m e s  o f  th m e  b l u e  s t a i n  f u n g i  i n  
l i q u i d  c u l t u r e  h a v e  r e v e a l e d  t h e  p r e s e n c e  o f  c a r b o x y m e t h y l  -  c e l l u l a s e ,  
p o l y g a l a c t u r o n a s e ,  p a c t i n e s t e r a s e ,  a n d  0  -  d i p h e n o l o x i d a s e  ( R o a c h ,  L i e s e  
n n d  B e r n d t ,  1 9 6 9 ) *  T h e  h y p h a e  p a s s  f r o m  o n e  o e l l  t o  a n o t h e r  e i t h e r  b y  
d i r e c t  g r o w t h  t h r o u g h  t h e  p i t s  o r  b y  d i r e c t  p e n e t r a t i o n  o f  t h e  o e l l  w a l l .  
S o m e  o f  t h e  b l u e  s t a i n  s p e c i e s  a r e  a b l e  t o  p e n e t r a t e  e v e n  t h e  l i g n i f i e d  
c e l l  w a l l  o f  t r a o h e i d s  b y  m a k i n g  c a n a l s  o f  0 , 2  -  0 , 6  d i a m e t e r .
T h e  f o r m a t i o n  o f  s u o h  b o r e  h o l e s  i m p l i e s  a  s p e c i a l  s i t u a t i o n ,  a s s u m i n g  t h e  
l a c k  o f  o e l l u l o l y t i c  e n z y m e s  f o r  t h e s e  f u n g i .  I n  t h e  e l e c t r o n  m i c r o s c o p e  
t h e  h y p h a l  a p e x  s h o w s  a  s p e c i a l  a p p e n d a g e ,  w h ic h  a p p a r e n t l y  s e r v e s  t o  
p e n e t r a t e  t h e  c e l l  w a l l .  S u o h  a  t r a n s p r e s s o r i u m  c o n s i s t s  o f  a  s t a l k  a n d  
a  h e a d  p a r t  w i t h  a  p o i n t e d  t i p  ( L i e s e  & S c h m i d ,  1 9 6 4 ) .  E n z y m e s  m ay  b e
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s e c r e t e d  h e r e  l o c a l l y  a n d  h e n c e  t h e  p e n e t r a t i o n  o f  a  c e l l  w a l l  b y  
h y p h a e  o f  b l u e  s t a i n  f u n g i  t h r o u g h  m i n u t e  c a n a l s  c o u l d  b e  e x p l a i n e d  
b y  t h e  c o m b i n e d  l o c a l i s e d  e n z y m a t i c  a c t i o n  a t  t h e  t i p  o f  t h e  t r a n s -  
p r e s s o r l u m  w i t h  a n  a d d i t i o n a l  m e c h a n i c a l  p r e s s u r e  f a r  p u s h i n g  i t  
t h r o u g h  t h e  w a l l *
L i k e  t h e  b l u e - s t a i n  f u n g i ,  t h e  a o f t - r o t  f u n g i  a l s o  b e l o n g  t o  t h e  
A s c o m y c e t e s  o r  F u n g i  I m p e r f e c t i ,  b u t  t h e y  a r e  c l a s s i f i e d  a s  t r u e  w o o d  
d e s t r o y e r s *  T h e y  a p p e a r  t o  h e  a b l e  t o  g r o w  i n  t h e  c e l l  w a l l  i n  c o n ­
t r a s t  t o  w h i t e  a n d  b r o w n  r o t  f u n g i  w h o s e  h y p h a e  d e v e l o p  i n s i d e  t h e  c e l l  
lu m e n *
S i n o e  t h e y  w e r e  r e c o g n i s e d  a s  b e i n g  o f  e c o n o m i c  i m p o r t a n c e  b y  S a v o r y  
( 1 9 5 4 )  s e v e r a l  s p e c i e s  o f  s o f t - r o t  f u n g i  h a v e  b e e n  i s o l a t e d  a n d  i d e n t i f i e d  
f r o m  n u m e r o u s  s o u r c e s *  I n  b o t h  h a r d w o o d s  a n d  s o f t w o o d s  t h e  h y p h a e  
i n v a d e  t h e  t i s s u e ,  p r e f e r a b l y  t h r o u g h  t h e  r a y s  o r  v e s s e l s ,  f r o m  w h e r e  t h e y  
g r o w  i n t o  t h o  lu m e n  o f  t h e  f i b r e s  a d j a c e n t  t o  t r a c h e i d s  ( C o u r t o i s ,  1 9 6 3 I 
L i e s e ,  1 9 6 4 ;  L e v y  ,  1 9 6 5 ;  C o r b e t t  & L e v y ,  1 9 6 5 ) *  I n  h a r d w o o d s ,  t h e  
t e r t i a r y  w a l l ,  f o r m i n g  t h e  i n n e r m o s t  l a y e r ,  i s  o f t e n  s u b j e c t e d  t o  d i r e c t  
e n z y m a t i c  a t t a c k  b y  h y p h a e  g r o w i n g  o n  t h e  c e l l  w a l l *  D u r i n g  d e c a y  a  
d i s t i n c t  z o n e  w h e r e  t h e  c e l l  w a l l  i s  l y s e d  d e v e l o p s  a r o u n d  t h e  h y p h a e  
s o  t h a t  t h e  h y p h a e  g r a d u a l l y  b e c o m e  s u n k  i n t o  t h e  c e l l  w a l l *  V e s s e l s  
a r e  g e n e r a l l y  l e s s  d e t e r i o r a t e d  t h a n  f i b r e s *
I n  s o f t  w o o d  s p e c i e s  t h e  t e r t i a r y  w a l l  w h ic h  d u e  t o  i t s  c h e m i c a l  
c o m p o s i t i o n  h a s  a  p r o t e c t i v e  i n f l u e n c e  r e m a i n s  u n d e g r a d e d *  T h e  t e r t i a n y  
w a l l  c o n t a i n s  g l u c u r o n a r a b i n o x y l a n ,  w h ic h  i s  s e l d o m  f o u n d  i n  o t h e r  p l a n t  
c e l l s  a n d  i s  m o d e r a t e l y  r e s i s t a n t  t o  e n z y m a t i c  d e c o m p o s i t i o n *  I n  o r d e r  
t o  i n v a d e  t h e  c e l l  w a l l  o f  a  s o f t w o o d  t r a c h e i d  t h e  h y p h a e  i n  t h e  c e l l  
l u m i n a  b r a n c h  l a t e r a l l y  a n d  p r o d u c e  s m a l l  p e r f o r a t i o n  h y p h a e ,  w h ic h  m ay  
b e  s i m i l a r  t o  t h e  t r a n s p r e s  s o n i a  o f  t h e  b l u e  s t a i n  f u n g i .
/
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B r o w n - r o t  f u n g i  a t t a c k  s o f t  w o o d s  f o r  p r e f e r e n c e ,  s e c r e t i n g  e n z y m e s  
w h ic h  d e c o m p o s e  t h e  p o l y s a c c h a r i d e s  o f  t h e  c e l l  w a l l ,  l e a v i n g  t h e  l i g n i n  
m a t r i x  n e a r l y  u n d i g e s t e d .  T h e  g e n e r a l  a t t a c k  s t a r t s  f r o m  t h e  c e l l  lu m e n  
w h e r e  t h e  h y p h a e  g r o w  o n  t h e  s u r f a c e  o f  t h e  t e r t i a r y  w a l l .  I n  c r o s s  
s e c t i o n s  o f  t r a c h e i d s ,  h o l e s  l o c a t e d  b e n e a t h  t h e  t e r t i a r y  w a l l  c a n  b e  
s e e n ,  i n d i c a t i n g  t h e  a d v a n c e d  l y s i s  o f  w a l l  m a t e r i a l  ( L i e s e ,  1 9 6 5 ;
W i l c o x ,  1 9 6 8 ) .  C o m p a re d  w i t h  o t h e r  t y p e s  o f  d e c a y  r e l a t i v e l y  f e w  h y p h a e  
a r e  v i s i b l e  i n  w o o d  a t t a c k e d  b y  b r o w n - r o t  f u n g i .  S i n c e  c e l l  w a l l  l y s i s  
c a n  b e  o b s e r v e d  a t  so m e  d i s t a n c e  f r o m  t h e  h y p h a e ,  t h e  e n z y m e s  a r e  
a p p a r e n t l y  a b l e  t o  d i f f u s e  t o  a  c e r t a i n  e x t e n t ,  a w a y  f r o m  t h e  h y p h a e *  A 
p o r o s i t y  o f  t h e  c e l l  w a l l  d u e  t o  t h e  c a r b o h y d r a t e  h y d r o l y s i s  h a s  b e e n  
o b s e r v e d  b y  C o w l in g  ( 1 9 6 5 ) ,  a n d  M e i e r  ( 1 9 5 5 ) .
T h e  t e r m  w h i t e  r o t  i s  a p p l i e d  t o  a  s u c c e s s i v e  d e c o m p o s i t i o n  o f  t h e  
c e l l  w a l l  c o m p o n e n t s  c a u s e d  b y  c e r t a i n  f u n g i .  T h e y  f i r s t  m e t a b o l i s e  l i g n i n ,  
a n d  h e m i c e l l u l o e e s ; t h e  c e l l u l o s e  f r a c t i o n  b e i n g  a t t a c k e d  o n l y  a t  a  
l a t e r  t a g e .  S p e c i e s  l i k e  'g r f l f l g f t f tS P ta i  or F o m e s  a n n o s u s  f o r m  p e r f o r a t i o n  
h y p h a e  f o r  t i s s u e  i n v a s i o n  a n d  t h e s e  f i n e  h y p h a e  d i r e o t l y  p e n e t r a t e  t h e  
o e l l  w a l l  o f  t r a o h e i d s  a n d  e x c r e t e  e n z y m e s  ( P r o c t o r ,  1 9 4 1 ) ,
T h e  p r e s e n c e  o f  b a c t e r i a  i n  d e c a y e d  w o o d  h a s  b e e n  l o n g  r e c o g n i s e d  
b u t  o n l y  r e c e n t l y  h a v e  i n v e s t i g a t i o n s  o f  t h e i r  a b i l i t y  t o  d e g r a d e  t h e  
w o o d y  c e l l  w a l l  b e e n  m a d e .  T h e  i n i t i a l  c o l o n i s a t i o n  o f  w o o d  b y  b a c t e r i a  
i s  p a r t l y  b y  r a n d o m  a c t i o n  o n  t h e s u r f a c e  o f  t h e  w o o d  b u t  m o s t l y  b y  i n ­
v a s i o n  t h r o u g h  t h e  r a y  p a r e n c h y m a .  F u r t h e r  e x t e n s i o n  a n d  c o n s e q u e n t l y  
t h e  d e v e l o p m e n t  o f  d e c a y  p a t t e r n  d e p e n d s  l a r g e l y  o n  t h e  s p e c i f i o  e n z y ­
m a t i c  a c t i v i t y  i n v o l v e d .  F r e q u e n t l y ,  a n  a t t a c k  o n  t h e  t o r i  o f  b o r d e r e d  
p i t s  c a n  b e  o b s e r v e d .  T h e  t o r u s ,  c o n s i s t i n g  m a i n l y  o f  p e c t i c  s u b s t a n c e s ,  
b e c o m e s  g r a n u l a r  a n d  a f t e r  so m e  t i m e  d i s a p p e a r s  a l t o g e t h e r ,  ( E l l w o o d  a n d
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I n  o r d e r  t o  l i m i t  t h e  e n t r y  o f  d e c a y  t h r o u g h  w o u n d s  c a u s e d  b y  
p r o c e s s e s  s u c h  a s  p r u n i n g ,  n u m e r o u s  m a t e r i a l s  h a v e  b e e n  a p p l i e d  t o  
t r e e  w o u n d s  t o  p r o t e c t  t h e  e x p o s e d  w o o d  a n d  p r o m o t e  r a p i d  h e a l i n g .
S om e m a t e r i a l s  a r e  t o x i c  t o  m a n y  f u n g i  b u t  s t i m u l a t e  t h e  g r o w t h  o f  
o t h e r s .  E x a m p le s  o f  s u c h  m a t e r i a l s  a n d  t h e  f u n g i  f a v o u r e d  i n c l u d e s  
b o r a x ,  A l t e r n a r i a t s i l c o f l u o r i d e  a n d  t a r t a r  e m e t i c ,  T r i c h o d e r m a  
v i r i d e :  o r g a n i c  m e r c u r y ,  P g n if ijL U u M  a n d  u r e a ;  T r i c h o d e r m a  a n d
P e n i c i l l i u m .  ( V e r r a l l ,  1 9 4 9 ) .  T h e  a p p l i c a t i o n  o f  t h e s e  m a t e r i a l s  m ay  
e l i m i n a t e  t h e  o r g a n i s m s  t h a t  n o r m a l l y  i n v a d e  u n t r e a t e d  w o o d .
B y  f a v o u r i n g  o t h e r  o r g a n i s m s  t h e s e  m a t e r i a l s  m ay  a l t e r  s u c c e s s i o n s  
i n  w a y s  t h a t  s o m e t i m e s  a r e  o f  g r e a t  e c o n o m i c  i m p o r t a n c e  t o  m a n .  L i n d g r e n  
a n d  H a r v e y  ( 1 9 5 2 )  p o i n t e d  o u t  t h a t  t h e  p r i n c i p a l  d e c a y  f u n g i  i n  b o l t s  o f  
c o n i f e r s ,  a n d  L e n g j t e s s e p i a a i a . s t i l l  a p p e a r e d  w h e n
b o l t s  w e r e  s p r a y e d  w i t h  f l u o r i d e  s o l u t i o n  a n d  Trlchodarmft w a s  t h e  
i n i t i a l  I n v a d e r ,  b u t  i t  t o o k  l o n g e r  f o r  th e m  t o  b e c o m e  e s t a b l i s h e d .
S t e r e u m  s a n g u i n o l e n t u m  a n d  P e n i o p h o r a  p i t v a  i n v a d e d  s t o r e d  p u lp w o o d  t r e a t e d  
w i t h  p h e n y l  m e r c u r i c  a c e t a t e  f o l l o w i n g  i n v a s i o n  b y  P o n i o i l l i u m  r o * m e f o r t l l  
( D u n c a n  a n d  D e v e r a l l ,  1 9 6 4 ) .
N e e l y  ( 1 9 7 0 )  r e p o r t e d  o n  t h e  f a c t o r s  a f f o o t i n g  h e a l i n g  o f  w o u n d s  o n  
t r e e s .  H o w e v e r  f e w  p r a c t i c e s  u s e d  c o m m e r c i a l l y  i n  t r e a t i n g  w o u n d s  
h a v e  o r i g i n a t e d  f r o m  d e t a i l e d  o b s e r v a t i o n  o r  e x p e r i m e n t a t i o n .  V a r i a b l e s  
o f  w o u n d ,  s h a p e ,  w i d t h  a s p e c t ,  a n d  h e i g h t  h a v e  b e e n  i n c l u d e d  i n  f e w  
e x p e r i m e n t s  C h a d w ic k  a n d  N a n k  ( 1 9 4 9 ) ,  M c Q u i l k i n  ( 1 9 5 0 ) ,  a n d  R o th  a n d  
H e p t i n g  ( l 9 4 3 ) >  p r o v i d e  l i m i t e d  d a t a  o n  t h e s e  v a r i a b l e s .  D a t a  a r e
Ecklund, 1959} Knuth and McCoy 1962; Liese and Karnop, 1968)*
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a v a i l a b l e  o n  t h e  e f f e c t  o f  t h e  t i m e  o f  y e a r  o n  w o u n d  h e a l i n g  f r o m  
M a r s h a l l  ( l 9 3 l ) ,  C o o l e y  ( 1 9 4 2 ) ,  M o Q u i l k in  ( 1 9 5 0 )  a n d  C ro w d y  ( 1 9 5 3 ) .
I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  w o u n d  h e a l i n g  i s  p o s i t i v e l y  c o r r e l a t e d  w i t h  
t r e e  v i g o u r  a l t h o u g h  t h i s  b e l i e f  i s  g e n e r a l l y  u n s u p p o r t e d  b y  d a t a .
N e e l y  ( 1 9 7 0 )  r e p o r t e d  t h a t  t h e  r a t e  o f  h e a l i n g  o f  w o u n d s  w a s  d i r e c t l y  
c o r r e l a t e d  w i t h  r a d i a l  g r o w t h  o f  t h e  t r e e .  T h e  m o s t  i m p o r t a n t  d i m e n s i o n  o f  
a  w o u n d  a f f e c t i n g  r a t e  o f  h e a l i n g  w a s  w i d t h .
T h e  m a j o r i t y  o f  w o r k  i n v e s t i g a t i n g  t h e  e f f e c t i v e n e s s  o f  f u n g i c i d e s  
a n d  p r o p r i e t a r y  w o u n d  d r e s s i n g s  h a s  i n v o l v e d  f r u i t  t r e e s  (D y e  a n d  W h e e l e r ,  
1 9 6 8 ;  G r o s d a n d e  1 9 6 6 ;  1 9 6 7 |  1 9 7 0 ) .  S h i g o  a n d  W i l s o n  ( l 9 7 l )  q u e s t i o n  
w h e t h e r  t r e e  w o u n d  d r e s s i n g s  a r e  b e n e f i c i a l .  T h e y  s u g g e s t  a  c h a n g e  i n  
t a c t i c s  r e s u l t i n g  f r o m  r e c o g n i t i o n  t h a t  b a c t e r i a  a n d  n o n - d e c a y  f u n g i  a r e  
p i o n e e r s .  W ound d r e s s i n g s  s h o u l d  b e  g e a r e d  t o  d e l a y  t h e  d e l e t e r i o u s  
a c t i v i t i e s  o f  t h e s e  p i o n e e r  o r g a n i s m s  a n d  t o  s t i m u l a t e  t h e  n o r m a l  w o o d  
t o  p r o m o t e  r a p i d  h e a l i n g .
I t  w a s  c o n s i d e r e d  t h a t  a n  i n v e s t i g a t i o n  i n t o  t h e  e v e n t s  f o l l o w i n g  
w o u n d in g  w o u ld  a i d  t h e  u n d e r s t a n d i n g  o f  t h e  f a c t o r s  w h i c h  c o n t r o l  
i n f e c t i o n  o f  l i v i n g  t r e e s .  P r u n i n g  w o u n d s  a r e  o f t e n  s a i d  t o  p r o v i d e  
m e a n s  o f  e n t r y  f o r  f u n g i ,  p a r t i c u l a r l y  t h o s e  c a u s i n g  w o o d  d e c a y .  C e r t a i n  
d i s e a s e s ,  s u c h  a s  t h e  i n f e c t i o n  o f  J a p a n e s e  l a r c h  b y  P h o m o n s ia  p a e u d o t u g a e  
a n d  s i l v e r  l e a f  c a u s e d  b y  S t e r e u m  p u r p u r e u m .  a r e  s p e c i f i c a l l y  c o n n e c t e d  
w i t h  p r u n i n g  w o u n d s .  L a r g e  p r u n i n g  w o u l d s  a r e  u s u a l l y  t r e a t e d  t o  
p r o t e c t  t r e e s  a g a i n s t  f u n g a l  a n d  b a c t e r i a l  i n f e c t i o n  s o  a n  a t t e m p t  h a s  
b e e n  m a d e  t o  c o m p a r e  u n t r e a t e d  a n d  t r e a t e d  w o u n d s  i n  t h i s  s t u d y .
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T h e  p r e s e n t  r e s e a r c  h a s  d e a l t  e n t i r e l y  w i t h  o n e  s p e c i e s ,  Uuercus 
r o b u r .  m a t u r e  s p e c i m e n s  o f  w h ic h  i n  c e r t a i n  s i t u a t i o n s ,  s u c h  a s  p a r k s ,  
h a v e  h i g h  i n d i v i d u a l  v a l u e .  S u c h  t r e e s  a r e  f o r  s a f e t y  a n d  a e s t h e t i c  
r e a s o n s  f r e q u e n t l y  t h e  s u b j e c t  o f  s u r g e r y .  I n d i v i d u a l  l a r g e r  p r u n i n g  
w o u n d s ,  o f  t h e  k i n d  p r o d u c e d  b y  t h e s e  o p e r a t i o n s ,  h a v e  b e e n  s t u d i e d  o v e r  a  
p e r i o d  o f  t i m e .  A n u n d e r s t a n d i n g  o f  i n f e c t i o n  p r o c e s s e s ,  f o l l o w i n g  
p r u n i n g ,  p a r t i c u l a r l y  i n  h a r d w o o d  s p e c i e s  w o u ld  a p p e a r  t o  b e  o n e  o f  t h e  
l e s s e r  k n o w n  b u t  m o r e c r i t i c a l  a r e a s  o f  r e s e a r c h  i n  f o r e s t  p a t h o l o g y .
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I  I s o U - t l p n  g a d  C h n r a Q t e x i g f t t i o n  o f  f u n g i  a n d  b a c t e r i a  f r o m  p r u n i n g  
y p w ad ff ffn  f f f t tw r e  g a f r p .
A. IfipjlftUon PgfiasAmift 
i .  Prisa
L a r g e  l i m b s  w e r e  c u t  f r o m  m a t u r e  o a k  t r e e s  ( 9 0  y e a r s  o l d  o r  m o r e ) ,  f l u s h  
w i t h  t h e  t r u n k ,  u s i n g  a  c h a i n  s a w  ( M c C u l lo u g h  MAC 6 ) ,  T h e  o a k  t r e e s  
w e r e  a t  M e r r i s t  W o o d , A g r i c u l t u r a l  C o l l e g e ,  W o r p l e s d o n .  G r o s s  a p p r a i s a l  
o f  t h e  c o n d i t i o n  o f  t h e  t r e e  a n d  w o u n d  w e r e  m a d e  a t  t h e  t i m e  o f  w o u n d i n g ,  
i n c l u d i n g  a g o  o f  t h e  t r e e ,  s i z e  o f  t h e  w o u n d ,  h e i g h t  o f  w o u n d  a b o v e  
g r o u n d ,  a s p e c t  o f  t h e  w o u n d  a r e a  o f  t h e  h e a r t w o o d  a n d  s a p w o o d  a n d  p h y s i o ­
l o g i c a l  c o n d i t i o n  o f  t h e  t r e e .  T h e  w o u n d s  w e r e  m a d e  i n  t h e  w i n t e r  
( D e c e m b e r  1 9 7 0 )  a n d  a  a e c o n d  b a t c h  i n  t h e  f o l l o w i n g  s p r i n g  ( M a r c h  1 9 7 l ) .  
H a l f  o f  t h e  w o u n d s  w e r e  t r e a t e d  w i t h  a r b r e x  8 0 5 ,  a b l t u m a s t i c  e m u l s i o n  
c o n t a i n i n g  a  c o p p e r  c h e l a t e  f u n g i c i d e .  T h i s  w i d e l y - u s e d  w o u n d  d r e s s i n g  
w a s  a p p l i e d  i m m e d i a t e l y  a f t e r  p r u n i n g .  A t r a c i n g  o f  t h e  w o u n d  f a c e  w a s  
m a d e  a t  t h e  t i m e  o f  c u t t i n g .
T h e  w o u n d  f a c e  w a s  d i v i d e d  i n t o  e i g h t  p o r t i o n s  a n d  e a c h  p o r t i o n  
w a s  s a m p l e d  o n  a  r a n d o m  b a s i s  o v e r  d i f f e r e n t  p e r i o d s  o f  t i m e ,  s t a r t i n g  
a t  z e r o  t i m e .  S a m p l e s  w e r e  t a k e n  i n  t r i p l i c a t e  f r o m  b o t h  t r e a t e d  a n d  
u n t r e a t e d  w o u n d s .  T a b l e s  l  and 2 s h o w  t h e  s a m p l i n g  p l a n .
S a m p l e s  f r o m  t h e  s e l e c t e d  a r e a s  o f  t h e  w o u n d  w e r e  t a k e n  f r o m  b o t h  t h e  
h e a r t w o o d  a n d  s a p w o o d  a t  s u r f a c e  a n d  d e p t h .  T o  s a m p l e  t h e  s u r f a c e  a  
s u r f a c e  g r i n d e r  o f  2 4  mm d i a m e t e r ,  w i t h  s e r r a t e d  e n d  w a s  f i t t e d  t o  a  
c a r p e n t e r ' s  b r a o e  a n d  s t e r i l i s e d  w i t h  e t h a n o l  a n d  f l a m e d .  A f t e r  i t
MATKKIALS and METHODS
?AgM, I
-31-
SAMPLING FLAK FOR WOUNDS CUT DECEMBER 1 9 7 0
W ound Mo
f l u t e d .
......
D a t e I n t e r v a l S u r f a c e D e p th S u r f a c e D e p th  v
1 . 12 ,70 Z e r o  t i m e 2 7 2 2 7 2 5 6 5 5 6 5
4  h o u r s 3 6 8 3 6 8 6 3 8 6 3 8
3 . 1 2 . 7 0 2  d a y s 5 4 4 5 4 4 4 4 1 4 4 1
1 5 . 1 2 . 7 0 2  w e e k s 6 2 3 6 2 3 2 2 3 2 2 3
2 2 . 1 2 . 7 0 3  w e e k s 8 8 5 8 8 5 3 5 4 3 5 4
5 . 1 . 7 1 5  w e e k s 7 5 7 7 5 7 1 1 7 1 1 7
2 0 . 1 . 7 1 7  w e e k s 1 3 1 1 3 1 7 7 2 7 7 2
4 1 6 4 1 6 8 8 6 8 8 6
W o u n d s 6 4 9 6 4 9 1 1 1 2 1 5 1 1 1 2 1 5
2 . 2 . 7 1 9  w e e k s 2 7 2 2 7 2 5 6 5 5 6 5
1 6 . 2 . 7 1 1 1  w e e k s 3 6 8 3 6 8 6 3 8 6 3 8
9 . 3 . 7 1 1 3  w e e k s 5 4 4 5 4 4 4 4 1 4 4 1
2 3 . 3 . 7 3 1 5  w e e k s 6 2 3 6 2 3 2 2 3 2 2 3
2 0 . 4 . 7 1 5  m o n t h s 8 8 5 8 8 5 3 5 4 3 5 4
1 8 . 5 . 7 1 6  m o n t h s 7 5 7 7 5 7 1 1 7 1 1 7
1 5 . 6 . 7 1 7  m o n t h s 1 3 1 1 3 1 7 7 2 7 7 2
1 3 . 7 . 7 1 3  m o n t h s 4 1 6 4 1 6 8 8 6 8 8 6
W o u n d s 1 4 1 0 1 3 1 4 1 0 1 3 1 6 1 7 1 9 1 6 1 7 1 9
1 0 . 8 . 7 1 9  m o n t h s 2 7 2 2 7 2 5 6 5 5 6 5
7 . 9 . 7 1 1 0  m o n t h s 3 6 8 3 6 8 6 3 8 6 3 8
7 . 1 0 . 7 1 1 1  m o n t h s 5 4 4 5 4 4 4 4 1 4 4 1
1 0 . 1 1 . 7 1 1 2 i m o n t h s 6 2 3 6 2 3 2 2 3 2 2 3
1 . 1 2 . 7 1 1 2  m o n t h s 8 8 5 8 8 5 3 5 4 3 5 4
3 . 2 . 7 2 1 4  m o n t h s 7 5 7 7 5 7 1 1 7 1 1 7
6 . 4 . 7 2 1 6  m o n t h s 1 3 1 1 3 1 7 7 2 7 7 2
1 . 6 , 7 2 1 8  m o n t h s 4 1 6 4 1 6 8 8 6 8 8 6
I n t e r v a l 1 8 2 2 2 4 1 8 2 2 2 4 2 0 2 1 2 3 2 0 2 1 2 3
3 . 8 . 7 2 2 0  m o n t h s 2 7 2 2 7 2 5 6 5 5 6 5
5 . 1 0 . 7 2 2 2  m o n t h s 3 6 8 3 6 8 6 3 8 6 3 8
5 . 1 2 . 7 2 2 4  m o n t h s 5 4 4 5 4 4 4 4 1 4 4 1
8 . 3 . 7 3 2 7  m o n t h s 6 2 3 6 2 3 2 2 3 2 2 3
8 8 5 8 8 5 3 5 4 3 5 4
7 5 7 7 5 7 1 1 7 1 1 7
1 3 1 1 3 1 7 7 2 7 7 2
4 1 6 4 1 6 8 8 6 8 8 6
table ? - y i -
SA HflilW G  PLAB FOR irfOPHDS HADE MARCH 1 5 7 1
U n t r e a t e d
' I I
Treat.e d
W ound N o .
D a t e I n t e r v a l S u r f a c e D e p th S u r f a c e D e p th
M a rc h  9 t h Z e r o t i m e 2 7 2 2 7 2 5 6 5 5 6 5
M a r c h  1 6 t h 2  w e e k s 3 6 8 3 6 8 6 3 8 6 3 8
M a r c h  3 0 t h 3  w e e k s 5 4 4 5 4 4 4 4 1 4 4 1
A p r i l  1 3 t h 5 w e e k s 6 2 3 6 3 6 2 2 3 2 2 3
M ay 4 t h 8  w e e k s 8 8 5 8 5 8 3 5 4 3 5 4
M ay 1 8 t h 1 0  w e e k s 7 5 7 7 7 7 1 1 7 1 1 7
J u n e  l e t 1 2  w e e k s 1 3 1 1 1 1 7 7 2 7 7 2
J u n e  1 5 t h 1 4  w e e k s 4 1 6 4 6 4 8 8 6 8 8 6
W o u n d s 3 1 3 4 3 6 3 1 3 4 3 6 3 2 3 3 3 5 3 2 3 3 3 5
J u n e  2 9 t h 1 6  w e e k s 2 7 2 2 7 2 5 6 5 5 6 5
J u l y  1 3 t h 1 8  w e e k s 3 6 8 3 6 8 6 3 8 6 3 8
J u l y  2 7 t h 2 0  w e e k s 5 4 4 5 4 4 4 4 1 4 4 1
A u g .  1 1 t h 2 2  w e e k s 6 2 3 6 2 3 2 2 3 2 2 3
A u g .  2 5 t h 2 4  w e e k s 8 8 5 8 8 5 5 5 4 3 5 4
S e p t . 1 5 t h 2 7  w e e k s 7 5 7 7 5 7 1 1 7 1 1 7
S e p t . 2 2 n d 2 8  w e e k s 1 3 1 1 3 1 7 7 2 7 7 2
O c t .  5 t h 3 0  w e e k s 4 1 6 4 1 6 8 8 6 8 8 6
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h a d  c o o l e d ,  i t  w a s  p l a c e d  a g a i n s t  t h e  w o u n d  s u r f a c e  a n d  r o t a t e d  s l o w l y .  
T h e  s a m p l e s  o f  w o o d  p a r t i c l e s  w e r e  c o l l e c t e d  o n  t h e  g r i n d e r  h e a d  a n d  
w e r e  t h e n  t r a n s f e r r e d  w i t h  a  s t e r i l i s e d  p a i r  o f  f o r c e p s  t o  s t e r i l e  
c o n t a i n e r s  o f  R i n g e r ' s  s o l u t i o n ,  n u t r i e n t  b r o t h  a n d  t h i o g l y c o l l a t e  
m e d iu m . T h e  s u r f a c e  s a m p l e d  w a s  t h e n  s t e r i l i s e d  w i t h  c o t t o n  w o o l  s w a b s  
s o a k e d  i n  e t h a n o l ,  a n d  f r o m  t h e  a r e a  s a m p l e d  a  5  mm d e e p  c o r e  w a s  
p u n c h e d  w i t h  a  g r a d u a t e d  b o r e r  ( b o r e  3 » 5  mm) a n d  h a m m e r ( P l a t e s  7 1 , 7 2  
T h e  r e s u l t a n t  c o r e  w a s  p l a c e d  i n  a  s t e r i l e  c o n t a i n e r .  T h e  s a m e  p r o ­
c e d u r e  w a s  f o l l o w e d  f o r  e x t r a c t i n g  c o r e s  f r o m  d i f f e r e n t  d e p t h s  ( 1 5  mm 
a n d  2 5  m m ). T h e  b o r e d  h o l e  w a s  s w a b b e d  w i t h  e t h a n o l  a n d  p l u g g e d  w i t h  
PO c o m p o u n d  ( s u p p l i e d  b y  J . L .  S e a t o n , H u l l )  .
T o  r e d u c e  c o n t a m i n a t i o n  a  p o r t a b l e  'F o r m i c a *  c o v e r e d  t a b l e  w a s  
u s e d  a s  a  b e n c h ,  a n d  f r e q u e n t l y  s w a b b e d  w i t h  e t h a n o l  P l a t e  2 
D u r i n g  t h e  s a m p l i n g ,  o p e n  P e t r i  d i s h e s  o f  e a c h  o f  t h e  d i f f e r e n t  m e d i a  
u s e d  w e r e  e x p o s e d  o n  t h e  t a b l e  a n d  e l s e w h e r e  n e a r  t h e  w o u n d  b e i n g  
s a m p l e d  t o  t r a p  t h e  a i r - b o r n e  s p o r e s .  T h e y  w e r e  c h a n g e d  e v e r y  1 5  
m i n u t e s .  P o l y s t e r e n e  b l o c k s  w e r e  s t r a p p e d  o n  t o  t h e  t r u n k s ,  i n  t h e  
v i c i n i t y  o f  t h e  w o u n d s  t o  a c t  a s  ' i m i t a t i o n '  w o u n d  f a c e s .  T h e s e  w e r e  
s a m p l e d  u s i n g  s c o t c h  t a p e  a n d  s l i d e s  d i p p e d  i n  t h e  m e d i a  u s e d  b y  
a p p l y i n g  s l i g h t  p r e s s u r e  t o  t h e  t a p e  a n d  s l i d e s  w h e n  h e l d  a g a i n s t  t h e  
b l o c k s .  T h e s e  w e r e  l a t e r  e x a m i n e d  t o  g i v e  a n o t h e r  r e c o r d  o f  r e p r e ­
s e n t a t i v e s  o f  a i r  f l o r a .
5 . X is&BlsmSL
F o r  t h e  p r i m a r y  i s o l a t i o n  o f  s u r f a c e  f u n g i ,  s a m p l e s  i n  R i n g e r ' s  s o l u t i o n  
w e r e  p l a t e d  o u t  o n  t o  t h e  r a n g e  o f  m e d i a  u s e d .  T h e s e  w e r e  M a l t  E x t r a c t  
a g a r  ( O x o i d ) ,  C s a p e k - D o x  A g a r  ( M o d i f i e d )  ( O x o i d ) ,  H a l t  E x t r a c t  w i t h  
a d d e d  s t r e p t o m y c i n  a n d  r o s e  b e n g a l  ( M a r t i n ,  1 9 5 0 ; ) ,  H a g e m 's  m e d iu m  
(M o d e  s s  1 9 4 1 ; ) ,  5 $  M a l t  E x t r a c t  a g a r ,  R u s s e l l ' s  m e d iu m  ( 1 9 5 6 ) ,  s a w d u s t
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Plate 71 Surface sampler with 
serrated edge. 24mm diameter
Plate 72
(a)
Depth sampler Plate 73
(b) Assembled
Plate 74 Increment Borer 
12” Maxon No. 5
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HATE 3
Surface sampling 
of wounds
HATE 4- Sub-surface sampling using the 
punch devised by Butcher (1970)
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m e d iu m , a n d  c e l l u l o s e  m e d iu m  ( E g g i n s  a n d  P u g h ,  1 9 6 2 ) .  A l i q u o t s  o f  
1 , 0  m l o f  t h e  s a m p l e s  w e r e  p l a t e d  o u t  o n  t h e  a b o v e  m e d i a ,  t h e  p l a t e s  
h a v i n g  b e e n  d r i e d  p r e v i o u s  t o  i n o c u l a t i o n  s o  t h a t  t h e  i n o c u l u m  w a s  
r e a d i l y  a b s o r b e d  b y  t h e  a g a r *  T h e s e  p l a t e s  w e r e  i n c u b a t e d  u p s i d e  d o w n  
i n  a  2 5 ° C  i n c u b a t o r .  A l l  m e d i a  w e r e  f r e s h l y  p r e p a r e d  b e f o r e  u s e  a n d  
w e r e  n e v e r  m o r e  t h a n  t h r e e  d a y s  o l d .  T h e  p l a t e s  w e r e  o b s e r v e d  d a i l y  
a n d  a n y  g r o w t h  w a s  n o t e d  a n d  e x a m i n e d  m a c r o s c o p i c a l l y  a n d  m i c r o s c o p i c a l l y .  
T h e  y o u n g  c o l o n i e s  o b s e r v e d  w e r e  s u b c u l t u r e d  o n  t o  a  s i m i l a r  m e d iu m  t o  
t h a t  o n  w h ic h  t h e y  w e r e  i s o l a t e d .  T h e  f u n g i  w h ic h  c o u l d  n o t  b e  r e a d i l y  
i d e n t i f i e d  w e r e  f u r t h e r  s u b c u l t u r e d  a n d  f i n a l l y  i d e n t i f i e d .  T h e  s p e c i e e  
i s o l a t e d  f r o m  t h e  a i r  d u r i n g  s a m p l i n g  g a v e  a n  i n d i c a t i o n  o f  t h o s e  s p e c i e s  
a p p e a r i n g  i n  t h e  w o u n d  i s o l a t i o n  p l a t e s  t h a t  w e r e  l i k e l y  t o  o r i g i n a t e  
f r o m  t h e  a i r .
S u r f a c e  s a m p l e s  i n  t h i o g l y c e l l a t e  m e d iu m  a n d  n u t r i e n t  b o t h  w e r e  
i n c u b a t e d  f o r  2 4  h o u r s  a t  2 5 ° C  a n d  t h e n  s t r e a k e d  o u t  o n  t o  n u t r i e n t  a g a r .  
T e c h  a n d  F l o  a g a r ,  T e a s t  e x t r a c t  a g a r  a n d  T r y p t o n e  s o y a  a g a r .  P l a t e s  
w e r e  i n c u b a t e d  b o t h  a n a e r o b i c a l l y  a n d  a e r o b i c a l l y  a n d  t h e n  c h a r a c t e r i s e d .  
A n a e r o b i c  c o n d i t i o n s  s e r e  p r o d u c e d  b y  t h e  W e is s  a n d  S p a u l d i n g  m e t h o d  
( l 9 3 7 ) a n d  b y  d i s p o s a b l e  a n d  CO^ g e n e r a t o r s  ( C o l l e e  e t  a l ,  1 9 7 2 ) ,
S u b  s u r f a c e  s a m p l e s  w e r e  t r e a t e d  i n  t h e  f o l l o w i n g  w a y .  T h e  w h o le  
c o r e  w a s  s u r f a c e - c l e a n e d  w i t h  9 5 $  e t h a n o l  a n d  t h e  b o t t o m  1 . 0  mm o f  t h e  
r e s u l t a n t  c o r e  w a s  r e m o v e d  u s i n g  a  s t e r i l e  s o a l p e l  a n d  c u t  i n t o  " s p l i n t e r s " • 
T h e s e  w e r e  p l a c e d  o n  t h e  s a m e  m e d i a  ( o n e  c h i p  p e r  p l a t e )  a s  i n  t h e  
t r e a t m e n t  o f  s u r f a c e  f u n g a l  f l o r a ,  m a k i n g  e u r e  t h a t  t h e  " s p l i n t e r s "  w e r e  
p u s h e d  w e l l  d o w n  i n t o  t h e  m e d iu m  ( S h i g o ,  p e r s o n a l  c o m m u n i o a t i o n ) .  T h e  
" s p l i n t e r s "  w e r e  i n c u b a t e d  a t  2 5 ° C ,  o b s e r v e d  d a i l y ,  a n d  m y c e l i a  g r o w i n g  
w e r e  t h e n  s u b c u l t u r e d  a n d  c h a r a c t e r i s e d  a s  f o r  t h e  s u r f a c e  f u n g a l  f l o r a .
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ILATE I Oaks at Harrist Wood Agricultural college, 
Jorplesdotn, typical of those used in the 
isolation work.
PLATE 2 Porest Laboratory,
-38-
4 ,  I d e n t i f i c a t i o n  o f  i s o l a t e s  
a ) ,  g a a f i f t j .
I s o l a t e s  w e r e  r e p e a t e d l y  s u b c u l t u r e d  o n  t o  t h e  m e d i a  o f  t h e i r  
i s o l a t i o n  a n d  c h a r a c t e r i s e d .  I d e n t i f i c a t i o n  w a s  p r i m a r i l y  o n  t h e  
b a s i s  o f  t h e i r  m i c r o s c o p i c  m o r p h o l o g y .
S om e b a s i l i o m y c e t e e  h a v e  a  c h a r a c t e r i s t i c  m y c e l iu m  i n  p u r e  c u l t u r e  
b u t  f u n c t i f i c a t i o n s  w i t h  b a s i d i a  a n d  b a s i d i o s p o r e s  h a v e  b e e n  o b t a i n e d  
f r o m  o n l y  a  f e w ,  c o p r o p h i l o u s  s p e c i e s .  M any  o t h e r  b a s i d i o m y o e t e s  
f o r m  t y p i c a l  c o n i d i a  i n  c u l t u r e  u s u  l l y  a r t h r o s p o r e s  ( o i d i a )  a s  w e l l  a s  
f r e q u e n t  h y p h a l  s w e l l i n g s  o r  c h l a m y d o s p o r e s • T h e  b a s i d i o m y o e t e s  i n  
t h i s  s t u d y  w e r e  i d e n t i f i e d  a o c o r d i n g  t o  N o b l e s  ( 1 9 4 8 ,  1 9 6 5 )  w ho h a s  
p r o d u c e d  k e y s  b a s e d  o n  c u l t u r a l  c h a r a c t e r i s t i c s ,  
b ) ,  B f iq . t e r j U l
T h e  b a c t e r i a  i s o l a t e s  w e r e  c h a r a c t e r i s e d  a o c o r d i n g  t o  C o w an  & S t e e l  
( 1 9 6 5 ) .
H ,  I p o j a t l o n _ a n d  C j Q , a ^ c t j y . i ^ a U o n . M g d i a
A. | | H |
T h i o g l y c o l l a t e  m e d iu m  B B L 1 1 7 2 0
N u t r i e n t  b r o t h  O x o id  C o d e  N CM 1o
5 $  M a l t  E x t r a c t  m e d iu m  ( D i f c o )
M a l t  E x t r a c t  5 0 . 0 g  ( D i f c o  0 1 8 6 . 0 1 . 5 )
D i s t i l l e d  w a t e r  1  L .
A u t o c l a v e  1 0  p  s i / l O  m i n .
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2 .5 /»  M a l t  E x t r a c t  A g a r  O x o id  C o d e  N o . CM 5 9
2 .5 ? *  M a l t  e x t r a c t  ♦  R o s e  b e n g a l  1 * 1 5 0 0 0  
•f S t r e p t o m y c i n  5 0  j i g / m l  ( M a r t i n  1 9 5 0 )
T h e  i n g r e d i e n t s  v e r e  c o m b i n e d  e x c e p t  t h e  s t r e p t o m y c i n , a n d  t h e  
m e d iu m  a u t o c l a v e d  a t  1 2 0 ° C  f o r  1 5  m i n .
S t r e p t o m y c i n  S o l u t i o n
S t r e p t o m y c i n  s u l p h a t e  7 5  mg 
S t e r i l e  d i s t i l l e d  w a t e r  1 0 0  m l .
1  m l  o f  t h e  s t r e p t o m y c i n  s o l u t i o n  w a s  a d d e d  t o  e a o h  P e t r i  d i s h  
b e f o r e  t h e  a g a r  m e d iu m  w a s  p o u r e d  i n t o  t h e m .
C z a p e k  -  D o x  M ed iu m  O x o id  C o d e  N o . CM 9 7  
ffio .4 ifcU 4 . .R u 3 3 g .ll  * B , M edfojm )
O x o id  d e s i c a t e d  m a l t  e x t r a c t  2 . 5 g
A g a r  2 . 5 g
0 . p h e n y 1 - p h e n o l  0 . 0 0 6 g
D i s t i l l e d  w a t e r  1 0 0  m l .
A u t o c l a v e  1 0  p s ;  f o r  1 0  m i n .
T h i s  m e d iu m  w a s  m o d i f i e d  ( B a n e r j e e  a n d  L e v y ,  1 9 7 0 )  o m i t t i n g  t h e  
p e p t o n e  R u s s e l l  ( 1 9 5 6 )  a n d  u s i n g  2 . 5 f° m a l t  a g a r .
5 $  f t f t L t - f l e d i um ( O a r t w r i f f f i t  ,a f ld  Ff e & l£ U L i-1 2 5 8 l .
M a l t  e x t r a c t  ( B . P . )  5 0 * 0 g
A g a r  2 0 . Og
d i s t i l l e d  w a t e r  1  L
A u t o c l a v e  1 5  P  s  i  f o r  2 0  m i n .
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SM&9, S ^ o n .  „(A,96Ql
M a l t  e x t r a c t  lO .O g
l e a s t  e x t r a c t  2 . 0 g
D i f c o  B a c t o  A g a r  N o #3 #  1 2 . 0 g
D i s t i l l e d  W a te r  1  L
P o t a s s i u m  d i h y d r o g e n  p h o s p h a t e  0 , 5 g
M a g n e s iu m  s u l p h a t e  ( h y d r a t e d )  0 , 5 g
F e r r i c  c h l o r i d e  ( l $  s o l u t i o n )  1 0  d r o p s
G l u e o s e  5 * 0 g
M a l t  e x t r a c t  5 * 0 g
A g a r  1 5 « 0 g
D i s t i l l e d  w a t e r  1  L
C e l l u l o s e  M ed iu m  (B  g i n s  a n d  P u g h .  1 9 6 2 )
A m m onium  s u l p h a t e  0 . 5 g
P o t a s s i u m  d i h y d r o g e n  s u l p h a t e  l « 0 g
P o t a s s i u m  c h l o r i d e  0 , 5 g
M a g n e s iu m  s u l p h a t e  ( h y d r a t e d )  0 . 2 g
C a l c i u m  c h l o r i d e  O . l g
L - a s p a r a g i n e  0 . 5 g
l e a s t  e x t r a c t  0 . 5 g
C e l l u l o s e  p o w d e r  b a l l  m i l l e d  f o r  1 2  h o u r s  lO .O g  
A g a r  2 0 . 0 g
D i s t i l l e d  w a t e r  1  L
A u t o c l a v e  2 0  m i n u t e s  a t  1 0  p  s  1  f i n a l  pH 6 , 2
T h i s  m e d iu m  i s  s i m i l a r  t o  t h a t  o f  H u n g a t e  a n d  o f  H a z r a  e t  a l  f o r  r o u t i n e  
e x a m i n a t i o n  o f  t h e  s o i l  m i c r o f l o r a  b a s e d  o n  W a r c u p 's  t e c h n i q u e .
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S o d iu m  n i t r a t e 2 . 0 g
P o t a s s i u m  d i h y d r o g e n  p h o s p h a t e l . O g
M a g n e s iu m  s u l p h a t e  ( h y d r a t e d ) 0 . 5 g
P o t a s s i u m  c h l o r i d e 0 . 5 g
F e r r o u s  s u l p h a t e  ( h y d r a t e d ) O .O lg
S a w d u s t  ( o a k ) lO .O g
S u c r o s e 5 . 0 g
A g a r 1 5 . 0 g
D i s t i l l e d  w a t e r 1  L
A u t o c l a v e  2 0  m in e  a t  1 0  p  s  1
S a w d u s t  2 0 . Og ( 1 0 - 2 0  m e s h  0 . 6 - 1 . 2  mm P a r t i c l e  e l s e )
M a iz e  m e a l  0 . 6 g )
) a c c e l e r a t o r  
B o n e  m e a l  0 . 4 g )
W a t e r  4 0 - 6 0  a l  ( 2 0 0  -  3O0{4 m o i s t u r e  c o n t e n t )
Q-LLUg ,.(p,r. M q.) ag.14 m m ..
D i f c o - B a c t o  M a l t  e x t r a c t  1 5 . 0 g
D i f c o - B a c t o  A g a r  2 0 . O g
D i s t i l l e d  w a t e r  1  L
G a l l i c  ( o r  t a n n i c ) a c i d  5 . 0 g
( D a v i d s o n ,  C a m p b e l l  a n d  B l a i s d e l l ,  1 9 5 8 )  t o  t e s t  f o r  t h e  p r e s e n c e  o r  
a b s e n c e  o f  e x t r a c e l l u l a r  o x i d a s e .
T r y p t i c a e e  s o y  a g a r BBL 1 1 0 4 5
F l o  A g a r  (M e d iu m  B ) BBL 1 1 2 5 8
T e c h  A g a r  (M e d iu m  A ) BBL 1 1 6 9 4
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B i o c h e m i c a l  C h a r a c t e r i s a t i o n  T e a t s
C a t a l a s e  (C o w a n  a n d  S t e e l ,  1 9 6 5 )
O x i d a s e  ( K o r a o s  1 9 5 6 )  i n  C o w an  a n d  S t e e l  ( 1 9 6 5 )
0 - F  M ed iu m  (H u g h  a n d  L e i f s o n  ( 1 9 5 3 )  i n  C o w an  a n d  S t e e l  ( 1 9 6 5 )
C a s e i n  A g a r  ( m o d i f i e d  f r o m  H a s t i n g s  ( 1 9 6 3 )  i n  C ow an  a n d  S t e e l  ( 1 9 6 5 )
N u t r i e n t  G e l a t i n  A g a r  ( F r a z i e r ' s  m e t h o d  ( 1 9 2 6 )  i n  C o w an  a n d  S t e e l  ( 1 9 6 5 )
C i t r a t e  A g a r  ( S im m o n s ,  1 9 2 6  O x o id  C o d e  N o . CM 1 5 5 )
U r e a  A g a r  ( C h r i s t e n s e n  ( 1 9 4 6 )  i n  C o w an  a n d  S t e e l  ( 1 9 6 5 )  )
S t a r c h  A g a r  (C o w a n  a n d  S t e e l  ( 1 9 6 5 )  )
P h e n o p t h & l e i n  p h o s p h a t e  a g a r  (C o w a n  a n d  S t e e l  1 9 6 5 )
O r g a n i c  a c i d  a s  c a r b o n  s o u r c e . ( G o r d o n  a n d  N ihm  ( 1 9 5 7 )  i n  C ow an  f t S t e e l  1 9 6 5 ) )  
L i t m u s  m i l k  (C o w a n  f t  S t e l l  1 9 6 5 )
KCN b r o t h  ( m o d i f i e d  f r o m  M o l l e r  ( l 9 5 4 b ) ,  R o g e r s  f t  T a y l o r  ( l 9 6 l )  i n
C o w an  f t S t e e l  ( 1 9 6 5 )
7 $  N a C l b r o t h  (C o w a n  f t  S t e e l ,  1 9 6 5 )
A r g i n i n e  b r o t h  ( N i v i e n  e t  a l  ( 1 9 4 2 )  i n  C o w an  f t  S t e e l  1 9 6 5 )
A m m onia  i n  p e p t o n e  w a t e r  (C o w a n  f t  S t e e l  1 9 6 5 )
N i t r a t e  b r o t h  (C o w a n  f t  S t e e l ,  1 9 6 5 )
D e c a r b o x y l a s e  M ed iu m  ( M o l l e r  ( 1 9 5 5 )  i n  C o w an  f t  S t e e l ,  1 9 6 5 )
A c i d  f r o m  s u g a r s  (C o w a n  f t  S t e e l ,  1 9 6 5 )
E g g  y o l k  m e d iu m  f o r  l e c i t h i n a s e  p r o d u c t i o n  
I n d o l e  p r o d u c t i o n  (C o w a n  f t  S t e l l ,  1 9 6 5 )
M e t h y l  R e d  (C o w a n  f t  S t e e l ,  1 9 6 5 )
B a c t o  -  SIM  m e d iu m  D i f c o  C o d e  0271-02-0 
L i p o l y s i s  ( S i e r r a , 1 9 5 7 )
B a c t o - p e p t o n e  D i f c o  C o d e  0 1 1 0 - 0 1 - 8
G r a m 's  S t a i n i n g  M e th o d  ( P r e s t o n  f t  M o r m e l l  ( 1 9 6 2 )  i n  C o w an  f t  S t e e l  ( 1 9 6 5 )  )  
S p o r e  S t a i n  ( S c h a e f f e r  f t  P u l t o n ' s  m e th o d  ( 1 9 3 3 )  i n  C ow an  f t S t e e l  ( 1 9 6 5 )  ) 
C o t t o n  B l u e  i n  L a c t o p h e n o l  (C M I P o c k e t b o o k  1 9 6 8 )
P i c r o - a n i l i n e  b l u e  s t a i n  ( C a r t w r i g h t  1 9 2 9 )
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iii staiaa
C ultures
I s o l a t e
N o . O r g a n i s m S o u r c e
A.- •;& '
R e f . N o . M a i n t a i n e d
1 i U - d c x a t o m
( P e r s . )  F r .
S p o r o p h o r e FPRL
9 6
5 $  m o l t
2 P . t u l o h u r e u s
i..LL u U t i . l £ »
S p o r o p h o r e  
o n  s w e e t
c h e s t n u t .
'' ' ‘ "
FPRL 
2 9  A
5 $  m a l t
3 L e n t i n u s _  
.1  j ^ r i n i s  .
?
FPR L
6 9
5 $  m a l t
4 C Io & tr id A u f f i
t e t m n i
1 1 5 5
U n i v e r s i t y  
o f  S u r r e y  
C u l t u r e  
c o l l e c t i o n
C o o k e d  m e a t  
m ed iu m
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f l f j .w o g d  B l o c k s
W ood b l o c k s  5 x  2 . 5  x  1 . 5  cm w o r e  c u t  f r o m  t h e  s a p w o o d  o f  a  
1 5  c m . d i a m e t e r  o a k  l o g .  T h e s e  w e r e  s t e r i l i s e d  b y  h e a t i n g  i n  
a  d r y i n g  o v e n  a t  1 1 0 °  -  1 C 5 °C  f o r  a b o u t  1 8  h o u r s .  O t h e r  
m e t h o d s  i n v o l v e d  s t e a m i n g  i n  a  K o c h  s t e a m e r  f o r  t h e  s a m e  p e r i o d  
o f  t i m e ,  a n d  a u t o c l a v i n g  f o r  30 m i n s .  a t  1 5  p  s  i .
gi&sfoa.
E r l e n m e y e r  f l a s k s  WN 5 0 0  m l g r a d u a t e d  w e r e  u s e d  ( 2 2 j  x  1 9 !  x  17-J i n s ) .  
G a l l e n h a m p  C o d e  N o .  1 1 4 0 / l 0 .
S p o r o p h o r e s  w e r e  c o l l e c t e d  f r o m  M e r r i s t  W ood a n d  p l a c e d  i n  
p o l y t h e n e  b a g s  w i t h  m o i s t e n e d  s t e r i l e  c o t t o n  w o o l .  T h e s e  w e r e  
t a k e n  b a c k  t o  t h e  l a b . ,  a n d  h e l d  o v e r  P e t r i  d i s h e s  c o n t a i n i n g  s l i d e s  
o n  m o i s t e n e d  f i l t e r p a p e r .
P h o t o g r a p h y
P h o t o g r a p h s  w e r e  t a k e n  u s i n g  b o t h  a  L e i t z  o r t h o p l a n  m i c r o s c o p e  a n d  
C a m b r i d g e  s c a n n i n g  e l e c t r o n  m i c r o s c o p e  N k X I .
Sg&QBlM MX9&I9& ffAgJoas&Rft.StuftE
S a m p l e s  o f  w o o d  w e r e  t a k e n  f r o m  t h e  w o u n d  f a c e s ,  a b o u t  2 . 0  c a  d e e p ,  
u s i n g  a  t h r e e  c o r n e r e d  2 5  mm c a v i t y  c h i s e l .  A n o t h e r  m e th o d  i n v o l v e d  
r e m o v i n g  t h e  w h o le  w o u n d  f a c e ,  u s i n g  a  c h a i n  s a w ,  c u t t i n g  b a c k  a s  
f a r  a s  p o s s i b l e  ( w o u n d s  w e r e  a p p r o x i m a t e l y  p a r a l l e l  t o  t h e  a x i s  o f  t h e  
t r u n k )  S p e c i m e n s  w e r e  o b t a i n e d  f r o m  t h e  s a m p l e s  e i t h e r  b y  f r a c t u r i n g  
o r  h a n d  s e c t i o n i n g  a n d  a  n o t e  w a s  m a d e  o f  t h e  o r i e n t a t i o n  o f  t h e  
s p e c i m e n .  T h e  s p e c i m e n s  w e r e  t h e n  m o u n te d  o n  s t a n d a r d  s t u b s  a n d  
f r e e z e - d r i e d .  T h e y  w e r e  t h e n  t r a n s f e r r e d  t o  a  h i g h  v a c u u m  e v a p o r a t i n g  
u n i t  a n d  c o a t e d  w i t h  g o l d  p a l l a d i u m  ( 6 0 / 4 0 ) ,  T h e  s p e c i m e n s  w e r e  t h e n  
e x a m i n e d  i n  a  s t e r e o a c a n  tfk  I I  a t  2 0  K v .
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T h e  w o o d  u s e d  w a s  t a k e n  f r o m  w o u n d s  c u t  i n  D e c e m b e r  1 9 7 0  w h ic h  
h a d  b e e n  e x p o s e d  f o r  2 4  m o n t h s  o r  m o r e .  S p e c i m e n s  w e r e  a l s o  p r e ­
p a r e d  f r o m  ' h e a l t h y *  o a k  w o o d ,  f r e s h l y  c u t ,  f o r  c o m p a r i s o n  p u r p o s e s .
T h e s e  s a m p l e s  w e r e  h a n d  s e c t i o n e d , t h e  f i n a l  s u r f a c e  c u t s  m a d e  u s i n g  a  
n e w  r a z o r  b l a d e  f o r  e a c h  c u t
A m u l t i v a r i a t e  a n a l y s i s  o f  v a r i a n c e  o f  t h e  d a t a  w a s  c a r r i e d  o u t .
T h e  d a t a  w a s  p r o c e s s e d  b y  t h e  U n i v e r s i t y  o f  S u r r e y ,  c o m p u t e r ,  IC L  1 9 0 5  F .  
IfciUMrtPfrl C9-g£9.rien.ta.. joa^lyai.g,
I f  s e v e r a l  v a r i a b l e s  a r e  m e a s u r e d  o n  a  s e t  o f  s a m p l e s ,  a  l i n e a r  
t r a n s f o r m a t i o n  o f  t h e s e  v a r i a b l e s  c a n  b e  f o u n d  t h a t  w i l l  r e s u l t  i n  
n e w  v a r i a b l e s ,  w h ic h  a r e  i n d e p e n d e n t  a n d  a c c o u n t  f o r ,  s u c c e s s i v e l y  a s  
m u c h  o f  t h e  t o t a l  v a r i a t i o n  a s  p o s s i b l e .  T h e s e  n e w  v a r i a b l e s  a r e  
c a l l e d  p r i n c i p a l  c o m p o n e n t s  a n d  t h e  p r o c e s s  o f  c o m p u t i n g  t h e  t r a n s ­
f o r m a t i o n  i s  p r i n c i p a l  c o m p o n e n t s  a n a l y s i s .  B y  t r a n s f o r m i n g  r a w  
d a t a  i n t o  p r i n c i p a l  c o m p o n e n t s  ,  i n d e p e n d e n c e  i s  a c h i e v e d  a n d  t h e  
n e w ,  t r a n s f o r m e d  v a r i a b l e s  m ay  b e  t e s t e d .  ( W i l l i a m s o n  1 9 7 2 / ;  W a l s t e d t  
a n d  D a v i s  1 9 6 8 ; )
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EXPERIMENTAL a n d  RESULTS
I . M c c e g g l o n a  f o n o w i n i i  w o u n d in g  o n  o a k s
T w e n t y - f o u r  w o u n d s  w e r e  m a d e  o n  m a t u r e  o a k s  i n  D e c e m b e r  1 9 7 0  
( T a b l e  3 ) t  a n d  a n o t h e r  t w e l v e  i n  e a r l y  M a r c h  1 9 7 1 ,  ( T a b l e  4 )  t o
c o m p a r e  t h e  c o l o n i s i n g  f l o r a  o n  w i n t e r  a n d  s p r i n g  c u t  w o u n d s .  S a m p l e s  
w e r e  t a k e n  a s  d e s c r i b e d  i n  M a t e r i a l s  a n d  M e th o d s  a o c o r d i n g  t o  T a b l e  ,  
R u s s e l l ' s  m e d iu m  ( 1 9 5 6 )  a n d  s a w d u s t  m e d iu m  w e r e  u s e d  i n i t i a l l y b u t  
w e r e  f o u n d  t o  h a v e  n o  a d v a n t a g e  o v e r  t h e  o t h e r  m e d i a  a n d  w e r e  c o n s e ­
q u e n t l y  o m i t t e d .  T h e  k e y s  o f  N o b l e s  ( 1 9 4 8 ;  1 9 6 5 )  a n d  K a s r i k  ( 1 9 6 5 )  w e r e
■*
u s e d  t o  a i d  I n  t h e  i d e n t i f i c a t i o n  o f  b a e i d i o m y c e t e s .  I f  f u n g i  p r o d u c e d  
n o  r e p r o d u c t i v e  s t r u c t u r e s  o r  i d e n t i f i a b l e  c u l t u r a l  c h a r a c t e r i s t i c s  t h e y  w e r e  
r e c o r d e d  a s  s t e r i l e  c o l o n i e s .
R e s u l t s  o f  i s o l a t i o n s  w e r e  e x p r e s s e d  i n  t e r m s  o f  f r e q u e n c y  o f  
o c c u r r e n c e .  F r e q u e n c y  w a s  t a k e n  a s  t h e  n u m b e r  o f  p o s i t i v e  i s o l a t i o n s  
o f  a n  o r g a n i s m  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  t o t a l  n u m b e r  o f  p o s s i b l e  
i s o l a t i o n s  m a d e  f r o m  e a c h  s i t e  a t  a  p a r t i c u l a r  s a m p l i n g  d a t e .
G.X2P A .M r .p ) i o l O / a  o f  t h e  v g p M a
S u p e r f i c i a l  s t a i n i n g  o n  t h e  s a p w o o d  p o r t i o n  o f  t h e  w o u n d s  a p p e a r e d  
w i t h i n  t h e  f i r s t  t h r e e  w e e k s  o f  e x p o s u r e ,  ( P l a t e s  5  a n d  6  ) ,  T h e
s t a i n i n g  waB p r e d o m i n a n t l y  b l u e / b l a c k  o r  d a r k  g r e e n  i n  c o l o u r .  U s i n g  
t h e  a d h e s i v e  c e l l u l o s e  t a p e  t e c h n i q u e  o f  S n d o  ( 1 9 6 6 )  t h e  p r i m a r y  f u n g i  
s p o r u l a t i n g  o n  t h e  s u r f a c e  w e r e  f o u n d  t o  b e  P e n i o i l l i u m  s p p . A u r e o b a s i d i u m  s p p  
C l a d o s p o r i u f f l  s p p .  a n d  G r a p h iu m  s p p .  T h e  n e x t  m a c r o s c o p i c  c h a n g e  o b s e r v e d  
w i t h i n  t h e  t h i r d  m o n th  a f t e r  p r u n i n g  ( M a r c h )  o n  t h e  u n t r e a t e d  w o u n d s  w a s  
r a d i a l  c r a c k i n g  o f  t h e  h e a r t w o o d .  T h e s e  o p e n e d  u p  a v e n u e s  f o r  i n v a s i o n  o f  
u n d e r l y i n g  t i s s u e s  f r o m  t h e  w o u n d  f a c e  ( P l a t e s  5 a n d  6  ) •  A t  t h i s  s t a g e
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TREKS USED IN  SUCCESSION SURVEY -  WOUNDS MADE DECEMBER 1 9 7 0  
T a b l e  3
T r e e  N o . C o n d i t i o n  o f  B r a n c h  r e m o v e d T r e a t e d
r
1 L i v e
2 L i v e
3 L i v e
4 L i v e
5 D e a d A r b r e x
6 D e a d
7 L i v e A r b r e x
8 L i v e  ( s o m e  d e c a y ) A r b r e x
9 D e a d
10 L i v e
11 L i v e A r b r e x
12 L i v e ( s o m e  d e a d  a t  b a s e ) A r b r e x
1 3 L i v e
1 4 L i v e -
1 5 L i v e A r b r e x
1 6 D e a d A r b r e x
1 7 L i v e A r b r e x
1 8 D e a d  ( d e c a y  a t  b a e e )
1 9 L i v e A r b r e x
20 L i v e A r b r e x
21 D e a d A r b r e x
22 D e a d
2 3 L i v e A r b r e x
2 4
■»■■■— ......... - .................
D e a d
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TRKfiS USED IN  SUCCESSION 3URV EX . WOUNDS MAPS MARCH 1 9 7 1
Table 4
Free. No. CONDITION OF BRANCH REMOVED TREATED
2 5 D e a d
2 6 D e a d
2 7 D e a d A r b r e x
2 8 L i v e A r b r e x
2 9 L i v e A r b r e x
3 0 D e a d
3 1 L i v e
3 2 D e a d A r b r e x
3 3 L i v e A r b r e x
3 4 D e a d
3 5 L i v e A r b r e x
3 6 L i v e
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FLA(PE 5
Colonisation of the 
Sapwood by mould 
fungi - 2 months 
after pruning
FLAffE 6
Cracking of the heartwood - 2 months 
after pruning.
-5 0 -
a n d  i n  t h e  m o n t h s  A p r i l / M a y  b l e a c h i n g  o f  t h e  w o o d  o n  s o m e  w o u n d s  
b e c a m e  e v i d e n t .  P a e o i l o a y o e s  s p p .  w a s  r e p e a t e d l y  i s o l a t e d  f r o m  
t h i s  t y p e  o f  d i s c o l o r a t i o n .  P r o l i f i c  b l e e d i n g  o f  t h e  w o u n d s  a n d  
a s s o c i a t e d  i n t e n s e  i n s e c t  a c t i v i t y  o c c u r r e d  a t  t h i s  t i m e .  S a m p l e s  
t a k e n  b y  t h e  'p u n c h *  m e t h o d  w e r e  m o r e  c o r k y ,  p o r o u s - 1 c o k i n g  a n d  d r y  
u p  t o  t h e  5mm d e p t h ,  p a r t i c u l a r l y  i n  t h e  u n t r e a t e d  w o u n d s ,  a f t e r  
1 2  m o n t h s  o f  e x p o s u r e ,  t h a n  d e e p e r  t i s s u e s .
S u o c e a s i o n
R e s u l t s  i n d i c a t e d  t h a t  t h e r e  w a s  a  d e f i n i t e  s e t t l i n g  d o w n  p e r i o d  
o f  u p  t o  tw o  m o n t h s  o n  a l l  w o u n d s .  D u r i n g  t h i s  p e r i o d  t h e  w o u n d  
s u r f a c e  f l o r a  w a s  c o n s t a n t l y  c h a n g i n g  a n d  w a s  s i m i l a r  t o  t h e  a i r  
f l o r a .  S a m p l e s  t a k e n  a t  d e p t h ,  a t  z e r o  t i m e ,  s h o w e d  n o  f u n g a l  g r o w t h  
b u t  a  d i s t i n c t  b r o w n  d i s c o l o u r a t i o n  o f  t h e  a g a r  m e d iu m  s p r e a d i n g  o u t  
f r o m  t h e  w o o d  p a r t i c l e s  w a s  o b s e r v e d .  T i l l s  w a s  p a r t i c u l a r l y  e v i d e n t  
i n  h e a r t w o o d  s a m p l e s  a n d  p e r s i s t e d  f o r  a t  l e a s t  tw o  m o n t h s  f r o m  t h e  
t i m e  o f  p r u n i n g .  T h e  a i r  f l o r a  i s o l a t e d  o n  t h e  e x p o s u r e  p l a t e s  a n d  
f r o m  t h e  p o l y s t e r e n e  b l o c k s ,  i n c l u d e d  t h e  f o l l o w i n g  M u c o r  s p ,
P m U A l U u B  s p p .  ♦ C l M o s .p o r i ju n  s p p . ,  A u r e o b a s i d i u a  s p p . ,  K p lc o c c u m  s p .  
a n d  f l k g a q t g j r u j f l  s p .
A f t e r  t h e  i n i t i a l  p e r i o d  t h e  v a r i e t y  o f  f u n g i  a t  t h e  s u r f a c e  w a s  
r e d u c e d  a n d  a t  d e p t h  p a r t i c u l a r  o r g a n i s m s  c o u l d  b e  r e p e a t e d l y  i s o l a t e d  
a n d  f u n g i  s e e n  i n  s e c t i o n s  u s i n g  C a r t w r i g h t ' s  ( 1 5 2 9 )  s t a i n i n g  m e t h o d  
f o r  f u n g a l  m y c e l iu m  i n  w o o d .  T h e  f u n g i  i n v o l v e d  i n  t h e  s u c c e s s i o n  
a f t e r  t h e  i n i t i a l  s e t t l i n g  d o w n  p e r i o d  i n c l u d e d  s p e c i e s  o f  P a e c i l o m v c e s .  
P h la l9 P f i ,o r f t»  I f n iz U l iW *  A u r e o b a e i d i u m  a n d
D i n l o d i a  w i t h  b a s i d i o m y o e t e s ,  p a r t i c u l a r l y  S te r e u n a h i r s u tu r n  a p p e a r i n g  
1 0  m o n t h s  a f t e r  p r u n i n g .
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HLATE 8
Colonisation of both 
heartwood and sapwood 
- 17 months after 
pruning.
ELATE 7
Colonisation of the sapwood extending 
into the area of profuse bleeding at 
the base of the 
wound. Callus 
evident - 17 months after pruning.
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H i s t  o  r a m s  1 - 1 0  I l l u s t r a t e  t h e  p r e d o m i n a n t  r o u p s  a n d  h a v e  
h e e n  u s e d  t o  i l l u s t r a t e  t h e  m o r e  o b v i o u s  f i n d i n g s .  S p e c i e s  r e ­
p r e s e n t e d  a r e  t h o s e  w h i c h  o c c u r r e d  i n  t h e  g r e a t e s t  n u m b e r s  o n  a l l  
f o u r  s i t e s  i n  e a c h  t r e a t m e n t .  T h e  i n d e x  o f  f r e q u e n c y  ( 0  -  6 ) i s  
a n  i m p l i c i t  l o g a r i t h m i c  t r a n s f o r m a t i o n  o f  t h e  r a w  d a t a .  ( S e e  
A p p e n d i x  l ) .
0 = 0$
1 =  0 - 5 $
2 = 5  -10$
3  * 1 0  - 2 5 $
4  = 2 5  - 5 0 $
5  =50 - 7 5 $
6  = 7 5  - 1 0 0 $
B a c t e r i a  w e r e  p r e s e n t  t h r o u g h o u t  a t  t h e  s u r f a c e  a n d  a t  a  
d e p t h  a n d  t h e  m a i n  g e n e r a  r e p r e s e n t e d  w e r e  B a c i l l u s  s p p .  ( 4 1  i s o l a t e e )  
P s e u d o m o n a s  s p p .  s p p .  g l g j a t i - j q ^ u i  s p p .  a n d  y e l l o w
p i g m e n t e d  g r a m  n e g a t i v e  r o d s .  B a c i l l u s  c e r e u s  a n d  B a c i l l u s  s u b t i l i s  
w e r e  t h e  s p e c i e s  m o s t  f r e q u e n t l y  i s o l a t e d .  B a c i l l u s  c e r e u s  i s o l a t e s  
w e r e  m a i n l y  B .  c e r e u s  v a r .  m y c o i d e s .  T h e  p s e u d o m o n a d s  w e r e  m a i n l y  
y e l l o w  f l u o r e s c e n t  f o r m s  ( l l  i s o l a t e s )  a l t h o u g h  tw o  b r o w n  p i g m e n t e d  
f o r m s  w e r e  i s o l a t e d .  T h e  C l o s t r i d i u m  i s o l a t e s  w e r e  a l l  o b l i g a t e  
a n a e r o b e s  ( 3 . 0  x  0 . 5  / u a ) ,  s p o r e s  t e r m i n a l  d i s t e n d i n g  t h e  c e l l ,  p i n ­
p o i n t  t r a n s p a r e n t  o o l o g i e s  o n  t r y p t o n e  s o y a  a g a r .
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Bja.<2.ter4ftl i30l.a.t9.Q
A l l  i s o l a t e s  w e r e  s u b j e c t e d  t o  m o r p h o l o g i c a l ,  c u l t u r a l  
a n d  p h y s i o l o g i c a l  e x a m i n a t i o n #  A l l  g r a m - p o s i t i v e  r o d s  g r o w i n g  
a e r o b i c a l l y  a n d  h a v i n g  e n d o s p o r e s  w e r e  p l a c e d  i n  t h e  g e n u s  
B a c i l l u s .  F o r m a t i o n  o f  v a c u o l a t e d  c y t o p l a s m  o n  1% g l u c o s e  
a g a r  w a s  a  c r i t e r i o n  f o r  s e p a r a t i n g  f l .  m e g a t e r i u m  a n d  
B .  c e r e u s  f r o m  t h e  o t h e r  s p e c i e s ;  c e l l s  w e r e  e t a i n e d  f o r  2 0  s e c .  
w i t h  1 0 ^  a q u e o u s  b a s i c  F u c h s i n .  B e c a u s e  s o m e  b a c i l l i  p r o d u c e  a n  
a l k a l i n e  r e a c t i o n  i n  f e r m e n t a t i o n  m e d i a  c o n t a i n i n g  a n  o r g a n i c  
n i t r o g e n  s o u r c e ,  a n  am m o n iu m  s a l t  b a s e  p l u s  g l u c o s e ,  l a c t o s e
o r  m a n n i t o l  w a s  u s e d  i n  f e r m e n t a t i o n  s t u d i e s .  S a l t  t o l e r a n c e  
w a s  e x a m i n e d  u s i n g  B a c t o  n u t r i e n t  b r o t h  c o n t a i n i n g  6 .5 /6  N a C l .  
B a c i l l u s  i s o l a t e s  w e r e  s t r e a k e d  o n  e g g - y o l k  a g a r  a n d  o b s e r v e d  
f o r  o p a q u e  z o n e s  s u r r o u n d i n g  c o l o n i e s .  B i o c h e m i c a l  t e s t s  u s e d  
f o r  b o t h  g r a m  p o s i t i v e  a n d  n e g a t i v e  b a c t e r i a  a r e  s h o w n  i n  
M a t e r i a l s  a n d  M e th o d s  s e c t i o n .
I K) J ) t ^  o f -  CS O C rtO C y  O'? "^P tC . Ifc S  \>OV to n rtrR  -  C. C5T
0«OT <=*-€: A r t t i  'iU ^ .F ^ C t S.Py>VOOO  ^ SVTe^ . ]_
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T h e  c a l l o u s  f o u n d  o n  b o t h  s p r i n g  a n d  w i n t e r ;  t r e a t e d  a n d  
u n t r e a t e d  w o u n d s  w a s  m e a s u r e d  a f t e r  1 2  m o n t h s ,  2 1  m o n t h s  a n d  
2 7  m o n t h s .  T a b l e  5
T h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  a m o u n t  o f  
m ax im um  c & l l c u s  f o r  t r e a t e d  a n d  u n t r e a t e d  w o u n d s  c u t  i n  
D e c e m b e r  1 9 7 0 .  T h i s  w a s  a l s o  t r u e  f o r  w o u n d s  c u t  i n  M a r c h  1 9 7 1 .  
H o w e v e r  i t  w o u ld  a p p e a r  t h a t  t h o s e  w o u n d s  c u t  i n  M a r c h ,  t r e a t e d  
a n d  u n t r e a t e d  p r o d u c e d  a  b e t t e r  c a l l o u s ,  t h a n  t h o s e  c u t  i n  
D e c e m b e r  a f t e r  1 2  m o n t h s  e x p o s u r e .  T h e  o t h e r  s i g n i f i c a n t  f a c t o r  
i s  t h a t  a f t e r  2 1  m o n t h s  t h e  A r b r e x  t r e a t e d  w o u n d s ,  w h e t h e r  s p r i n g  
o r  w i n t e r  c u t ,  p r o d u c e  a  m o r e  c o m p l e t e  o a l l o u s  i n v o l v i n g  t h e  w h o le  
c i r c u m f e r e n c e ,  w h e r e a s  t h e  u n t r e a t e d  w o u n d s  w o u ld  a p p e a r  t o  
c a l l o u s  i n  a  l i m i t e d  w a y ,  i n v o l v i n g  t h e  s i d e s  o n l y .
Cftllusing
-6 5 -
m & E  9
Colonisation of the 
oapwood, crackinG of tbo hocx'twoocl, osudateo at the base of tho wound. Callus poor* colored with other untreated wounds - 17 
n o n th a  a f t e r  p r u n in g #
HiATS 1 0
Arfem treated wound clawing callus fcms®& 17 txmths of tor pruning#
Callus formation iK m  5
Wound No. Description of vound 
When cut Height Arbrex Condt 
Summer S above of A
Winter W grout d branch
H.ft. Dead D
___________________biye. k____
w . Measurement Callus 1,2 .qgntha  Cg.lu8_ 21 months  Callus 27 months
. Aspect (mm) (max. pt) (mm)l2.1.72 (max. pt.)(mm) 4.9.72 (max.pt.T (*m) 8.3.73
_U -25..3U& Both aides 11 X J/io . XX/10-
2
V 11 L SB 25 x 17 Callus 10 mm at sides 
only
<  l/lO oallus max. 
r 8 mm at sides <  1/10
3 w 11 L NW 28 x 16 Callus on left side 
55 mm
■£ circumference 
callused maxm at 
sides 20 mm 0 top 
0 bottom
tree very 
poor
oondition
4 V L 33 x 27.5 Callus where side 
branch 13 mm
5 j w A D 28 x 19 Callus on ri^ht side 
... >. 10 mo...
6J V __£ 36 x 27 _ Sides 10 mm maxm.
?! V 7 _  A. L NW 31 x 20 at sides + top 6mo 15 mm maxm at sides /V8) w 15 A L NW 27 x 16.5 at sides 4 top not 
at bottom 3 mm
15 mm maxm at sides A
9) w £ 24 x 15.8 at one side 7 nun10 ¥ 11 L 3 29 x 17 Callus are round 
maxm•18mm(sides)
■J circumference 
callused 26 mm at 
sides 0 top
26 mm maxm callus fluxing at 
bottom
11 ! W 11 A L NW 29 x 14 Callus at sides 
only 15 mm
all round 28 mo at 
sides 10 mm top,
8 mm at bottom
28 mm maxm oallus
29 x 21.5 more callus on R maxm 25 mm on Bast 
facing side
—  . ,  i , ,,,
25.5x18.5 Callus first about 
all round 20
22 x 18 Callus at sides
-Jr circumference" 
callus 20 mm sides 
8 am top bottom 0
at sides
9/10 callus 27 mm 
max. at sides 15 mm 
■ t o p *  0  P o t t p m ____________
0%16 W 17.5x14.5 Kax. 15 mm at sides nearly 10i 
sides 10 
-bSliPm
25 mm at 
top 10 mm
17 W
18 W
19 W
15 28 x 19.5 Max.right side and 
top 14 mm.
29 x 20
14 x 12
Max.10 
-sides ,
bottom ft
Callus all round(•§) 25 mm max. at sides
20 mm at sides top
5 . m  bottom gmm_________________________
Max.10
sides
bottom ft
Callus 50% max at 
-aides ?0 amrllm
20 max. at sides
20 W 18 x 19 Max.13 mm bottom ft 
bottom left. 
____________ orescent shape.
4 circumference 
12 mm at sides, 0 
■bottom. 0 top.
50% circumference21 W 23 x 17.5 sides only max. v.cracked
22 W D 26 x 19.5 -a.™at sides 11 mm
. ..6A._mBL.ftt. sides ---  bleeding:
oallus at sides 
Only 12 mm max.
23 W A I 25 x 18.5 sides 12 mm
24, w £ 39 x 30.5 at one side 18 mm
25) s A D 24 x 17.5 23 mm nearly all 
found
All round max. 25 mm 
at sides 12 mm top 
10 mm bottom
26) s £ 14.5x13.5 all round oallus 
15 mm
27)
)
3 £ 27.5x19.5 oallus not at bottom
22 m  ,28 )S
t
18 x 13 oallus all round 
15 mm
all round max 29 mm sides 
sides 15 mm top 10 as bottom______________
29
30 S
31 3
20.5*16.0 callus all round
.......... —   . ■ . ■■ '■■■ .19 x 18.5 oallus all
J e m .
15
_ —
12 24 x 17.5 oallus not at 
bottom 14 mm
circumference 
callused maximum 
20 at sides 0 top
max oallus 22 
at west side
32 S 17 A D E 26.5x19.5 callus all round 16 mm
30 mm practically
33 s A L 28.5x19.0 oallus all round 15 mm
34 s 10 D SB 22 x 18.5 oallus not at 20 mm max. \  roundbottom 20 mm
35, 3 11 A L SSE 21 x 25 all round 23 mm 9/10 circumfer­ence callused. _7 
mm max. at oige 
23 at other 15 mm tdp7
25 mm all round
36
1
1 s 13 L ssw 36.5 x 24 oallus sides ft top 20 mm
•J circumference 
callused 25 mm max. 
at sides top 15
20 mm max. on top
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S p o r o p h o r e a  w e r e  c o l l e c t e d  f r o m  M e r r i s t  W o o d , e x c i s e d  f r o m  t h e i r  
s u b s t r a t e  i n  t h e  l a b . ,  a n d  p l a c e d  i n  p o l y t h e n e  b a g s  w i t h  m o i s t e n e d  
c o t t o n  w o o l  a n d  s t o r e d  a t  - 1 2 ° C  p r i o r  t o  u s e *  W hen r e q u i r e d  t h e s e  
f r u i t  b o d i e s  w e r e  a t t a c h e d  t o  p e t r i  d i s h  l i d s  w i t h  p l a s t i c i n e  a n d  
p o s i t i o n e d  o v e r  p e t r i  d i s h e s  c o n t a i n i n g  s l i d e s  a n d  m o i s t e n e d  f i l t e r  
p a p e r  a n d  l e f t  f o r  2 4  h o u r s  a t  l a b o r a t o r y  t e m p e r a t u r e  ( l 8 ° C )  u n t i l  
a  g o o d  s p o r e  c o v e r  c o u l d  b e  s e e n *
B a s i d i o m y c e t e s  c o l l e c t e d  f r o m  M e r r i s t  W ood w e r e  a s  f o l l o w s
gflSUttlMB SP* 
g t a r e v f t  f c U f i tq tu g i  
S.taXfeUffi rufiosum 
P a n e l l u s  s p #
sp*
S t e r e u m  h i r a u t u m  w a s  u s e d  e x c l u s i v e l y  i n  a l l  e x p e r i m e n t s  o n  l i v i n g  
t r e e s  a s  t h i s  o c c u r r e d  m o s t  f r e q u e n t l y  i n  i s o l a t i o n s  m a d e  a t  d e p t h #  
a f t e r  1 0  m o n t h s  e x p o s u r e  o f  t h e  f r e s h l y  o u t  w o u n d  f a c e .  S p o r e s  
m e a s u r e  6 - 8  x 3 3  -  4  /*# a r e  w h i t e  a n d  e l l i p t i c a l .
Wood b l o c k  e x p e r i m e n t s  i n  t h e  b a h .
S t r i p s  o f  c e l l o p h a n e  ( 2 - 0  x 4 - 0  c m ) w e r e  b o i l e d  i n  3  c h a n g e s  o f  
d i s t i l l e d  w a t e r  t o  r e m o v e  t h e  d r e s s i n g .  T h e y  w e r e  t h e n  p l a c e d  o n  
v o o a  b l o c k s  o u t  f r o m  ' h e a l t h y '  l i v i n g  o a k .  D i l u t i o n s  o f  s p o r e s  f r o m  
t h e  c o a t e d  s l i d e s #  p r e p a r e d  a s  d e s c r i b e d  a b o v e  w e r e  p i p e t t e d  o n  t o  t h e  
c e l l o p h a n e  a n d  o b s e r v e d  f o r  g e r m i n a t i o n .  No g e r m i n a t i o n  w a s  s e e n  w i t h  
t h i s  m e t h o d  b u t  t h e  p r e s e n c e  o f  y e a s t s  b a c t e r i a  a n d  f u n g i  i m p e r f e c t s  
n a t u r a l  c o n t a m i n a n t s  o f  s p o r e s #  b e c a m e  v e r y  e v i d e n t .  A l s o  i t  w a s
II.Spore Germination
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o b s e r v e d  t h a t  a l l  w o o d  b l o c k s  p r o d u c e d  d a r k  b r o w n  e x u d a t e s .
C e l l o p h a n e  M e th o d  o n  h i v i m ?  T r e e s .
S p o r o p h o r e s  o f  g t e r e u m  h i r a u t u m  w e r e  p o s i t i o n e d  o v e r  c e l l o p h a n e  
s t r i p s  t o  o b t a i n  a  g o o d  s p o r e  c o v e r .  T h e  s t r i p s  w e r e  p i n n e d  o n  t o  
t h e  w o u n d  f a c e s  o f  n e w  ( f r e s h l y  c u t )  a n d  o l d  w o u n d s  ( e x p o s e d  2 0  
m o n t h s ) #  a n d  r e t r i e v e d  a f t e r  2 4  h o u r s .  No g e r m i n a t i o n  w a s  o b s e r v e d  
i n  e i t h e r  c a s e  a f t e r  t h i s  t i m e .  T h e  s p o r e s  a p p e a r e d  v e r y  h y a l i n e  
a n d  t h e  p r o t o p l a s t s  s e e m e d  t o  h a v e  p l a s m o l y z e d .
S .  h i r s u t u m  f r u i t  b o d i e s  w e r e  p l a c e d  o v e r  c e l l o p h a n e  s t r i p s  
( t r e a t e d  b y  b o i l i n g  i n  3  c h a n g e s  o f  d i s t i l l e d  w a t e r )  a n d  o a k  w o o d  
s e c t i o n s  ( c u t  o n  t h e  s l e d g e  m i c r o t o m e  1 8  yum t h i c k )  u n t i l  a  g o o d  
d e p o s i t  h a d  f o r m e d .  B o t h  t h e  w ood s e c t i o n s  a n d  c e l l o p h a n e  s t r i p s  
w e r e  a t t a c h e d  t o  o l d  a n d  n e w l y  c u t  w o u n d  f a c e s  a n d  r e t r i e v e d  a f t e r  
4 8  h o u r s .  No g e r m i n a t i o n  w a s  o b s e r v e d  a n d  s p o r e s  o r i g i n a l l y  v i s i b l e  
o n  t h e  w o o d  s e c t i o n s  c o u l d  n o t  b e  e a s i l y  d i s t i n g u i s h e d  a f t e r  t h i s  t i m e .
A n o t h e r  m e t h o d  i n v o l v i n g  s t a i n i n g  t h e  s p o r e s  w i t h  a  f l u o r e s c e n t  
v i t a l  s t a i n #  C a l c o f l u o r #  d i d  n o t  r e d u c e  t h e  p r a c t i c a l  d i f f i c u l t i e s  
i n v o l v e d  i n  t h i s  m e t h o d .
Microscope slide Method
S l i d e s  w e r e  t r e a t e d  a s  i n  t h e  p r e v i o u s  m e t h o d s  s o  t h a t  a  g o o d  
s p o r e  c o v e r  o f  S .  h i r a u t u m  w a s  o b t a i n e d .  T h e s e  w e r e  a t t a o h e d  t o  n e w  
a n d  o l d  w o u n d  f a c e s #  s p o r e  d e p o s i t  s i d e  t o  t h e  w o u n d  f a c e .  T a p e  w a s  
u s e d  t o  k e e p  t h e  s l i d e s  i n  p l a c e  a n d  p e t r i  d i s h  ' b o t t o m s '  w e r e  p l a c e d  
o v e r  t h e  s l i d e s  t o  m a i n t a i n  t h e  h u m i d i t y .  S l i d e s  w e r e  r e t r i e v e d  a f t e r  
2 4  h o u r s  t o  o h e o k  f o r g e r m i n a t i o n .  S u f f i c i e n t  m a t e r i a l  w a s  s e t  u p  s o  
t h a t  s l i d e s  c o u l d  b e  r e t r i e v e d  a n d  o b s e r v e d  i n  t r i p l i c a t e #  a f t e r  4 8  
h o u r s #  1  w e e k  a n d  2  w e e k s .
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T h e  r e s u l t s  a r e  p r e s e n t e d  b e l o w t
W ound
T im e
O ld  
( 2 2  m o n t h s )
Y o u n g  
( f r e s h l y  c u t )
2 2  h o u r s n o  g e r m i n a t i o n s p o r e s  v e r y  h y a l i n e
4 8  h o u r s n o  g e r m i n a t i o n s p o r e s  l y s e d  +
w a l l  s h r u n k
1  w e e k 1 #  g e r m i n a t i o n  
r a t e
n o  g e m i n a t i o n
T h e  m i c r o s c o p e  s l i d e  m e t h o d  w a s  a b a n d o n e d  b e c a u s e  i t  w a s  e v i d e n t  
t h a t  g o o d  c o n t a c t  b e t w e e n  s p o r e s  a n d  w o o d  f a c e  w a s  n o t  u n i f o r m .
M i c r o s c o p e  s l i d e s  w e r e  c o v e r e d  w i t h  a  t h i n  f i l m  o f  t a p  w a t e r  a g a r  
a n d  s p o r e s  a l l o w e d  t o  f a l l  o n  t o  th e m  f r o m  S .  h i r a u t u m  f r u i t  b o d i e s *
B l o c k s  o f  c u l t u r e #  1  cm s q u a r e #  f r o m  a n  S .  h i r s t u t u m  i s o l a t e  w e r e  p l a c e d  
o n  t a p  w a t e r  a g a r  w h i c h  h a d  b e e n  p o u r e d  o n  a  c e l l o p h a n e  t e m p l a t e  o f  
p e t r i  d i s h  s i z e #  t h e  w h o le  b e i n g  s u p p o r t e d  b y  a  g l a s s  p e t r i  d i s h  b o t t o m *
T h e  e x p e r i m e n t  w a s  s e t  u p  i n  t r i p l i c a t e  a n d  b o t h  s l i d e s  i n o c u l a t e d  
w i t h  s p o r e s  a n d  t h e  c u l t u r e  b l o c k s  w e r e  p l a c e d  o n  f r e s h  i n t e r m e d i a t e  a n d  
o l d  w o u n d  t i s s u e  i n  s i t u #  e a c h  c o v e r e d  w i t h  a  p e t r i  d i s h  b o t t o m  t o  k e e p  
u p  t h e  h u m i d i t y *  T h e  w a t e r  a g a r  s e r v e d  t o  e s t a b l i s h  g o o d  c o n t a c t  b e t w e e n  
t h e  s l i d e s  a n d  w o u n d  f a c e .  S l i d e s  a n d  m y c e l i a l  b l o c k s  w e r e  r e t r i e v e d  
a f t e r  2 4  h o u r s #  1  w e e k #  2  w e e k s  a n d  3  w e e k s .  R e s u l t s  a r e  g i v e n  i n  
T a b l e s  6 a n d  7
E x p e r i m e n t s  i n  t h e  l a b o r a t o r y  w i t h  S .  h i r a u t u m  s p o r e s  o n  w a t e r  a g a r #  
o r  d i s t i l l e d  w a t e r  g a v e  n o  g e r m i n a t i o n #  e v e n  a f t e r  o n e  f o r t n i g h t • a  o b ­
s e r v a t i o n *  A s p o r e  w a s  s a i d  t o  h a v e  g e r m i n a t e d  w h e n  t h e  g e r m  t u b e  w a s  a t
(
l e a s t  h a l f  t h e  l e n g t h  o f  t h e  s p o r e *  /
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TABLE 6
T h e  g e r m i n a t i o n  o f  S t e r e u m  h i r a u t u m  s p o r e s  o n  w a t e r  a g a r  
f i l m s  o n  y o u n g  a n d  o l d e r  w o u n d  t i s s u e
T im e ( o ac c o s e d
OLD
2 3  nk o n t h s )
INTERM EDIATE 
( e x p o s e d  I  m o n t h /
FRESH 
( f r e s h l y  c u t )
* * *
2 4  h r b . 0 0 0 0 o o 0 0 0 0 0 0
1  w e e k 1 1 9 7 1 1 * 3 1 9 , 7 S m a l l ; e n n i i i& l n o g e m L n a t i o n
1 0 1 0 2 9 . 8 1 8 * 2 p o i n t s lo n e s p a r e a s e l l
6 6 8 8 * 8 1 7 , 3 c o m p l y i n j  t o w a LI s h r i n k i n g
2 3 0 6 . 7 1 5 , 0 s t a n d a r d s e t a v iy
4 7 0 6 . 7 1 3 . 8 b .  g e cm ti i b e
4 8 2 4 * 9 1 2 , 8 i l e n g t h o f
3 5 0 6 * 0 1 4 , 2 s p o r i .
4 1 0 40*0 3 9 , 2
4 2 3 1 7 . 4 2 4 , 7 \  • •' ;
2  w e e k s 1 3 2 3 5 7 4 9 , 0 5 2 0 2 5 3 0 .0 8 0 i e  sm a l l
1 6 1 7 8 4 7 0 * 6 4 9 4 5 4 2 . 1 t e r m in a L p o i n &
2 0 2 0 1 0 0 9 0 . 0 3 8 3 7 , 5 3 7 . 8 o n s p o r 58 b u t
1 0 1 0 1 0 0 9 0 .0 3 8 3 7 . 5 3 7 . 8 mo i t l y v e r y
1 2 2 0 . 6 0 5 0 . 8 4 2 1 1 9 2 5 . 8 d l s t o r t ?d  a n d
5 8 6  , 8 5  . 4 3 1 6 1 9 2 5 , 8 i y i e d - 1 » o k i n g
1 2 1 8 6 7 , 0 5 4 . 9 5 1 9 2 6 3 0 . 7
8 9 8 9 , 0 7 0 . 6 4 1 0 4 0 3 9 . 2
1 5 2 1 7 1 , 5 5 7 . 7 2 2 0 2 0 2 6 * 6
1 5 1 7 8 8 6 9 , 7 5 1 7 2 9 3 2 . 6
3  w e e k s 1 0 2 0 5 0 4 5 . 0 4 9 4 5 42.1 2 2 1 9 . 5
1 5 2 0 7 5 6 0 . 0 5 1 7 2 9 3 2 . 6 0 1 7 0
7 2 0 3 5 3 6 . 3 6 1 3 4 6 4 2 . 7 1 1 8 5 . 6
1 4 1 4 1 0 0 9 0 . 0 5 2 1 2 4 2 9 . 3 0 1 5 0
8 9 8 8 6 9 , 7 4 2 2 1 8 2 5 . 1 2 1 9 1 . 6
1 5 1 7 8 8 6 9 . 7 3 8 3 7 . 5 3 7 . 8 2 2 0 1 . 0
1 8 2 0 9 0 7 1 , 6 3 8 3 7 . 5 3 7 . 8 s p > r e s  v< r y
1 3 1 9 6 9 5 6 * 2 5 1 9 2 6 3 0 . 7 l i s t o r t i d
T h e  r e s u l t s  s h o w  t h a t  t h e r e  i s  a  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  
i n  t h e  g e r m i n a t i o n  r a t e s  o f  S *  h l r s u t u n  o n  o l d  a n d  i n t e r m e d i a t e  w ouA d
t i e s u e  a t  t h e  1 ^  l e v e l  o f  p r o b a b i l i t y #
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TABLE 7
MYCELIAL BLOCKS o f  S .  h l r s u t u m .  1 . 0  cm s q u a r e  o n  y o u n g
V9MM tlftgug jn ,,p |tu
T im e
OLD 
( 2 3  m o n t h s )
INTERM EDIATE 
t l  m o n t h )
FRESH 
( f r e s h l y  c u t ]
2 4  h r s 1 . 0 1 .0 1 . 0
1 . 2 1 . 2 1 . 2
1  w e e k 1 . 5 1 . 4 1 . 2
5 . 3 5 . 3 5 . 3
2  w e e k s 3 . 0 2 . 8 2 . 3
8 . 5 8 . 5 8 . 5
M e a s u r e m e n t s  r e f e r  t o  t h e  m e a n  c o l o n y  d i a m e t e r  i n  c m . T h e  
s e c o n d  r e a d i n g  i s  t h e  m e a n  c o l o n y  d i a m e t e r  o f  t h e  c o n t r o l  i n  
t h e  l a b o r a t o r y  a t  2 5 ° C .

!S K R Q. g m , f f i Q W I 3 A T iq N, 0 F, . - flU NI jjG  .WOUflI>§
A n f t t o l e  q£ S t o - j a y  .,<!&&&
T h e  r a w  d a t a  i s  c o n t a i n e d  i n  A p p e n d i x  I  a n d  w r i t t e n  a s  a n  
i m p l i c i t  t r a n s f o r m a t i o n  o f  f r e q u e n c y  o f  i s o l a t i o n ,  ( s e e  p a g e  )
T h e  l o g a r i t h m  o f  p o p u l a t i o n  s i z e  i s  t h e  m o s t  c o n v e n i e n t  s t a t i s t i c  
t o  w o r k  w i t h ,  a s  i t  s h o w s  t h e  r e l a t i v e  o h a n g e  i n  p o p u l a t i o n  s i z e ,  
a n d  m a k e s  t h e  v a r i a t i o n  s y m m e t r i c a l  a n d  a l m o s t  n o r m a l ,  a n d  i s  r e l a t e d  
s i m p l y  t o  t h e  b a s i c  t h e o r y  o f  p o p u l a t i o n  d y n a m i c s *  ( W i l l i a m s o n  1 9 7 2 ) *  
T h e  t a b l e  o v e r  g i v e s  t h e  i n d e x  o f  d i s p e r s i o n  o f  t h e  m o s t  a b u n d a n t  
s p e c i e s *
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HEAH. STANDARD DEVXATXOM AND INDEX O f  DISPERSXOK OF G R O U P /S P E C IE S
ISO L A T E S
Table s
G r o u p  /  S p e c i e s M ean
S t a n d a r d
D e v i a t i o n
I n d e x  o f  
D i s p e r s i o n
L e v e l  o f
S i g n i f i c a n c e
.. - 1
A c t i m o m y c e t a l e s 0 . 1 3 7 7 3 0 . 6 6 6 9 1 3 . 2 2 9 4 3 0 . 1#
P h y c o m v c e t e a 0 . 1 1 3 7 7 0 .61526 3 . 3 2 7 2 2 0.1#
R h o d o t o r u l a 0 . 2 3 9 5 2 0 .84461 3 .0 6 3 1 1 0 . 1#
Y e a s t s
( m i s c e l l a n e o u s ) 1 . 4 4 3 1 1 1 . 9 4 0 7 0 2 .60986 0 . 1#
B o t r v t i s  s o . 0 . 5 8 0 8 4 1 . 3 3 2 3 1 3 . 0 5 6 0 2 0 . 1#
C e o h a l o s o o r i u m  s o . 0 . 1 1 3 7 7 0 . 5 9 5 3 6 3 . 1 1 5 4 2 0.1#
qttitoAfrflAPi s p . 0 . 0 5 3 8 9 0 . 3 9 9 6 6 2 . 9 6 3 8 7 0 . 1#
0 . 3 9 5 2 1 1.08638 2 . 9 8 6 3 0 0 . 1#
O id iu m  s p . 0 . 3 5 9 2 8 0 . 3 2 7 3 2 2 . 9 8 1 9 3 0 . 1#
P a e c i l o a y c e s  s p . 0 . 1 1 3 7 7 0 . 6 0 5 3 9 3 . 2 2 1 3 2 0 . 1#
P h i a l o o h o r a  s p . 0 . 0 7 1 8 6 0 . 4 6 0 0 8 2 .9 4 5 7 9 0 . 1#
P e n i c i l U f f l i  s p p * 4 . 0 5 3 8 9 1 . 8 7 9 6 9 0.87156 a . s .
T r i c h o d e r m a  s p . 1 . 3 2 3 3 5 1 . 9 7 9 6 2 2 .9 6 1 3 5 0 . 1#
Y e r t i c i l l i u m  s p . 0 . 0 2 3 9 5 0 . 3 0 9 5 3 4 .00000 0 . 1#
U i f t i m r A a ,  s p . 0 . 1 4 3 7 1 0 . 7 0 5 1 9 3 . 4 6 0 3 3 0 . 1#
A t tC T r t a a U j r W i  s p . 2 . 6 2 8 7 4 2 . 3 2 7 1 3 2 .0  6 0 1 3 0 . 1#
C l a d o s p o r i u m  s p . 0 . 7 3 0 5 4 1 . 5 6 1 7 3 3 . 3 3 8 6 3 0 . 1#
R p i c c o c u a  s p . 0 . 1 7 9 6 4 0 . 8 0 8 8 8 3.64216 0 . 1#
T u m r lm  s p . 0 . 0 8 3 8 3 0 . 5 5 3 3 4 3 . 6 5 2 3 4 0 . 1#
S n h a e r Q M i d a l e a 0 . 2 7 5 4 5 0 .96108 3 .3 5 3 3 3 0 . 1#
D i p l o d i a  s p . 0 . 1 3 1 7 4 0 .69030 3 . 6 1 7 1 8 0 . 1#
S t e r i l e  H y a l i n e 0 . 5 1 4 9 7 1 . 2 6 9 9 3 3 .1 3 1 6 9 0 . 1#
0 . 1 3 7 7 3 0 . 6 6 6 9 1 3 * 2 2 9 4 3 0 . 1#
S t e r e u m  H i r s u t u m 0 . 3 8 3 2 3 1 . 1 1 7 9 6 3 . 2 6 1 2 9 0 . 1#
B a c i l l u s  s p . 1 .97006 2 . 1 6 3 2 9 2 . 3 7 5 8 7 0 . 1#
C l o a i r i d l l M  s p . 0 . 2 5 7 4 9 0 . 9 7 5 3 8 3 . 6 9 5 4 0 0 . 1#
P g g W fo ffig M fi s p . 0 .19162 0 . 8 5 6 8 2 3 . 8 3 1 3 2 0 . 1#
g f c E f f P P C p a m f i 0 . 2 1 5 5 7 0 . 8 7 8 9 4 3 . 5 8 3 6 7 0 . 1#
g a f f . ta lA f t
U i * C ® l l * a ® O M l ....... 1 . 5 2 8 8 0  . 2 . 0 9 4 3 4 .JU74HL-. ....... _
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I f  t h e  i s o l a t e s  a r e  d i s t r i b u t e d  a t  r a n d o m  o n  t h e  w o u n d  B i t e s  
t h e n  t h e i r  f r e q u e n c y  o f  o c c u r r e n c e  s h o u l d  f o l l o w  a  P o i s s o n  
D i s t r i b u t i o n  i n  w h i c h  c a s e  t h e  I n d e x  o f  D i s p e r s i o n ,  t h e  r * . t i o  o f  t h e  
v a r i a n c e  t o  m e a n ,  i s  e x p e c t e d  t o  b e  1 ,  I f  t h i s  i s  t h e  c a s e  t h e n  t h e  
p r o d u c t  o f  t h e  i n d e x  o f  d i s p e r s i o n  a n d  t h e  n u m b e r  o f  s a m p l e s  ( n )  l e s s  
o n e ,  s h o u l d  b e  d i s t r i b u t e d  a s  JC w i t h  ( n - l )  d e g r e e s  o f  f r e e d o m *  M o s t  
o f  t h e  s p e c i e s  a r e  s h o w n  n o t  t o  o c c u r  r a n d o m l y  w h e r e a s  X  f o r  
P e n l c i l l i u m  s p p *  i s  n o t  s i g n i f i c a n t  i n d i c a t i n g  t h a t  t h e y  a r e  o c c u r r i n g  
a t  r a n d o m *
Vf f, »•
P e n l c i l l i u m  s p p  a r e  n o t  s i g n i f i c a n t  a t  e i t h e r  e n d  o f  t h e  c u r v e t  
5#  l e v e l
*  2 -  i  l l . 6 4 4 9  + / ( 2 7 2 - l )
-  i  i l . 6 4 4 9  ♦  J m  I
-  1 6 5 . 9 3 1 .
2 ( .  ) 2
9 5 #  %  -  i  (  / 2 7 1  -  1 . 6 4 4 9 )
-  1 0 9 . 7 7 4
I t  w a s  d e c i d e d  t o  s u b j e c t  t h e  d a t a  t o  P r i n c i p a l  C o m p o n e n t s  
A n a l y s i s *  T h e  b a s i c  i d e a  o f  p r i n c i p a l  c o m p o n e n t s  a n a l y s i s  i s  t o  
d e s c r i b e  t h e  d i s p e r s i o n  o f  a n  a r r a y  o f  n  p o i n t s  i n  p  d i m e n s i o n a l  
s p a c e  b y  i n t r o d u c i n g  a  n e w  s e t  o f  t o r t h o g o n a l  l i n e a r  c o o r d i n a t e s  s o  t h a t  
t h e  s a m p l e  v a r i a n c e s  o f  t h e  g i v e n  p o i n t s  w i t h  r e s p e c t  t o  t h e s e  d e r i v e d  
c o o r d i n a t e s  a r e  i n  d & o r e a s i n g  o r d e r  o f  m a g n i t u d e *  T h a t  i s ,  t h e  f i r s t  
p r i n c i p a l  c o m p o n e n t s  i s  s u c h  t h a t  t h e  p r o j e c t i o n s  o f  t h e  g i v e n  p o i n t s  
o n  t o  i t  h a v e  m ax im um  v a r i a n c e  a m o n g  a l l  p o s s i b l e  l i n e a r  c o o r d i n a t e s ;  
t h e  s e c o n d  p r i n c i p a l  c o m p o n e n t  h a s  m ax im um  v a r i a n c e  s u b j e c t  t o  b e i n g  
o r t h o g o n a l  t o  t h e  f i r s t ;  a n d  s o  o n *
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T h i s  t e c h n i q u e ,  m e n t i o n e d  b y  K a r l  P e a r s o n  ( l 90 l )  a n d  d e v e l o p e d  
b y  H o t e l l i n g  ( 1 9 3 3 )  i s  p e r h a p s  t h e  m o s t  w i d e l y  u s e d  m u l t i v a r i a t e  
m e t h o d ,  b o t h  d i r e c t l y  a s  a p p l i e d  t o  t h e  s a m p l e  c o v a r i a n c e  m a t r i x  
o r  c o r r e l a t i o n  m a t r i x  ( e . g *  A l l e n  ( 1 9 7 3 ) ,  S i n h a  e t  a l  ( 1 9 6 9 ) ,  a n d  
i n d i r e c t l y  u n d e r  t h e  g e n e r a l  t e r m  o f  f a c t o r  a n a l y s i s *  ( G n a n a d e s i k e n  
a n d  W i l k  , 1969 ) *  O k a m o to  ( 1969 )  h a s  s u r v e y e d  a n d  u n i f i e d  t h e o r i e s  o n  
o p t i m a l i t y  o f  p r i n c i p a l  c o m p o n e n t s *  P r i n c i p a l  c o m p o n e n t  A n a l y s i s  
o f  c o m m u n i t i e s  s h o w s  t h a t  m a t h e m a t i c a l  s t u d i e s  o f  g r o u p s  o f  s p e c i e s  
o c c u r r i n g  t o g e t h e r  c a n  g i v e  i n t e l l i g i b l e  a n d  u s e f u l  r e s u l t s  (G o w e r  1 9 6 9 ) *  
T h e  r e s u l t s  o f  s u c h  a n a l y s i s  o a n  c l a r i f y  t h e  r e l a t i o n s  b e t w e e n  v a r i a t i o n  
i n  t h e  s i z e s  o f  t h e  p o p u l a t i o n  a n d  t h e  v a r i a t i o n  o f  t h e  e n v i r o n m e n t ,  
a l t h o u g h  f o r  a n  u n d e r s t a n d i n g  o f  t h e  w h o le  b i o l o g y  o f  a  c o m m u n i t y ,  
k n o w l e d g e  o f  t h e  b i o l o g y  o f  t h e  i n d i v i d u a l  s p e c i e s  i s  n e e d e d *
B e a l s ( l 9 7 3 )  c o n s i d e r s  t h a t  p r i n c i p a l  c o m p o n e n t s  a n a l y s i s  a s  a  
m e t h o d  o f  o r d i n a t i o n  t o  d e t e c t  e n v i r o n m e n t a l  i n f l u e n c e s ,  m a k e s  m a n y  
u n r e a l  a s s u m p t i o n s  a b o u t  e c o l o g i c a l  d a t a *  I t  d o e s  n o t  t a k e  i n t o  a c c o u n t  
t h e  n o r m a l  c u r v e  r e l a t i o n s h i p  b e t w e e n  s p e c i e s  s u c c e s s  a n d  e n v i r o n m e n t ,  
n o r  t h e  e c o l o g i c a l  a m b i g u i t y  o f  s p e c i e s  a b s e n c e *
I n  h i s  p a p e r  o n  t h e  a p p l i c a t i o n  o f  n u m e r i c a l  m e t h o d s  i n  u n d e r ­
s t a n d i n g  d a t a ,  B o y c e  ( 1 9 6 9 )  s t a t e s  t h a t  t h e  d i a g r a m s  p r o d u c e d  b y  
P r i n c i p a l  C o m p o n e n t s  A n a l y s i s  r e p r o d u c e  t h e  o r i g i n a l  s i m i l a r i t y  v a l u e s  
m o r e  f a i t h f u l l y  a n d  g i v e  m o r e  i n f o r m a t i o n  a b o u t  t h e  r e l a t i o n s h i p s  o f  
i n d i v i d u a l  f o r m s  t h a n  d o  d e n d r o g r a m s  d e r i v e d  f r o m  c l u s t e r  a n a l y s i s ,  
w h e r e  t h e  g r o u p i n g s  a r e  s h o w n  f o r c e f u l l y  a n d  c l e a r l y  b u t  a r e  a  p o o r  
g u i d e  t o  t h e  r e l a t i o n s h i p s  b e t w e e n  t h e  m e m b e r s  o f  o n e  c l u s t e r  a n d  t h o s e  
o f  a n o t h e r .  P r i n c i p a l  C o m p o n e n t s  A n a l y s i s  p r o v i d e s  a  w a y  o f  u n d e r s t a n d i n g  
d i f f e r e n t  e n v i r o n m e n t a l  v a r i a b l e s  b u t  c a n  o n l y  s u g g e s t  h y p o t h e s e s  t h a t  
e x p l a i n  t h e  v a r i a t i o n ,  o r  t h e  o r g a n i s a t i o n  o f  t h e  c o m m u n i ty  a s  a  w h o l e .
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P y ta q & M J i
T h e  f i r s t  s t e p  i n  t h e  i n v e s t i g a t i o n  w a s  t o  c h o s e  t h e  v a r i a b l e s  
( g e n e r a  o r  o t h e r  t a x o n o m i c  g r o u p i n g s )  I n  t h e  f i r s t  i n s t a n c e  3 0  
v a r i a b l e s  w e r e  u s e d  b u t  t h e s e  p r o v e d  t o  b e  t o o  m a n y  f o r  c o m p r e h e n s i o n  
o f  t h e  a n a l y s i s  a n d  t h e  n u m b e r  w a s  r e d u c e d  t o  1 0  g r o u p s *  T h e  1 0  
w e r e  s e l e c t e d  f r o m  t h e  f o r m e r  30 o n  t h e  b a s i s  o f  a s s u m e d  e c o l o g i c a l  
s i g n i f i c a n c e *  F a c t o r s  c o n s i d e r e d  i n c l u d e d  d i s c o l o u r a t i o n  p r o c e s s e s *  
s o f t  r o t *  b r o w n  r o t *  a n d  w h i t e  r o t  o f  w o o d *  T h e  g e n e r a  w e r e  n o t  
e l i m i n a t e d  b u t  c lu m p e d  w h e r e  a p p r o p r i a t e *  F ro m  t h e  c o r r e l a t i o n  m a t r i x  
d a t a  i t  c o u l d  b e  s e e n  t h a t  t h e  f o r m e r  30  v a r i a b l e s  f o r m e d  c l u s t e r s  a r o u n d  
t h e  c h o s e n  10 v a r i a b l e s  s e l e c t e d  f o r  t h e  a n a l y s i s *
I n  o r d e r  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  e n v i r o n m e n t a l  f a c t o r s  a  f o u r  
w a y  f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  w a s  c a r r i e d  o u t  o n  t h e  p r i n c i p a l  
c o m p o n e n t s  o f  t h e  d i s t a n c e *  c o v a r i a n c e  a n d  c o r r e l a t i o n  m a t r i c e s  f r o m  
t h e  p r i n c i p a l  c o m p o n e n t s  a n a l y s i s *  T h e  e i g e n v e c t o r s  w e r e  c h o s e n  b e c a u s e  
a l l  t e s t s  o f  s i g n i f i c a n c e  a r e  i n d e p e n d e n t  o f  e a c h  o t h e r  o n  t h e  
e i g e n v e c t o r s  ( s e e  A p p e n d i x  I I ) .  T h e  t h i r d  o r d e r  i n t e r a c t i o n  ABCD* w h e r e  
A a  t i m e *  B =  s a p e o o d / h e a r t w o o d *  C »  d e p t h / s u r f a c e  a n d  D =  t r e a t e d / u n ­
t r e a t e d  w a s  u s e d  a s  a n  e s t i m a t e  o f  e r r o r  v a r i a n o e  f o r  t e s t s  o f  s i g n i f i c a n  c e *
P r i n c i p a l  C o m p o n e n ts  A n a l y s i s  o f  d i s t a n c e  c o e f f i c i e n t s *
I f  a  p r i n c i p a l  c o m p o n e n t s  a n a l y s i s  i s  c a r r i e d  o u t  o n  a  m a t r i x  o f  
d i s t a n c e  c o e f f i c i e n t s ,  o n e  o r  m o r e  o f  t h e  l a t e n t  r o o t s  m ay  b e  n e g a t i v e  
a n f  i f  s o *  o n e  o r  m o r e  o f  t h e  c o o r d i n a t e  a x e s  i m a g i n a r y *
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T h e  t r a n s f o r m a t i o n  u s e d  t o  o v e r c o m e  t h i s  d i f f i c u l t y  i s t
^  M  * <
w h e r e  ^  • i e  t h e  d i s t a n c e  c o e f f i c i e n t  ( m e a n  s q u a r e  d i s t a n c e )  b e t w e e n  
t h e  f o r m s  V ,  «{ a n d  w . t o  e n s u r e  t h a t  *$1 \  i s  n e v e r  n e g a t i v e  
( B o y c e  1 9 6 9 ) .
T h e  d i s t a n c e  m a t r i x  a n d  t r a n s f o r m e d  d i s t a n c e  m a t r i x  a r e  
t a b u l a t e d  o v e r :
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T h e  e i g e n v a l u e s  a n d  p e r c e n t a g e  o f  t o t a l  c o n t r i b u t i o n  p e r  e i g e n ­
v a l u e  a r e  t a b u l a t e d  b e l o w  f o r  t h e  t e n  e i g e n v e c t o r s *
TABIjE I I
E i g e n v a l u e s  a n d  p e r c e n t a g e  o f  t o t a l  c o n t r i b u t i o n  p e r  
__________________________ e i g e n v a l u e __________________________________
E i g e n  v a l u e P e r c e n t a g e  C o n t r i b u t i o n  
....  p e r  e i g e n v e c t o r ................ .
i j
21.38010 5 1 .6 3 5 6 0
5 . 3 0 0 1 7 12.80050
3 . 8 9 5 9 6 9 . 4 0 9 2 0
3 . 4 3 8 5 0 8 . 3 0 4 3 8
|
3 . 0 5 0 8 2 7 . 5 6 8 0 9
1 . 9 2 2 6 1 4 . 6 4 3 5 4
0 . 8 9 3 7 9 2 .1 5 8 6 2
0 .8 7 5 6 0 2 2*11468
0 .648240 1 . 5 6 5 5 8
0
t --------------------------------------------
0
T h e  f i r s t  s i x  e i g e n v a l u e s  a c c o u n t  f o r  9 4 $  o f  t h e  t o t a l  v a r i a t i o n .
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FACTORIAL ANALYSIS, OF VARIANCE -  M S T M S ^  Y g C m . 1
tabls
S o u r c e SS ___ ... DF M S ........... S IG N IF IC A N C E
ABC!) 2 8 * 0 6 5 7 1 5 1 . 8 7 1 0
ABC 62*7678 1 5 4 . 1 8 4 5 *  10$  l e v e l
ABD 4 3 . 7 8 1 8 1 5 2 . 9 1 3 8 NS
AB 3 8 . 7 3 5 8 1 5 2 . 5 8 2 4 NS
ACS 66 .4618 1 5 4 . 4 3 0 8 *  5$  l e v e l
AC 4 2 . 0 8 2 4 1 5 2 . 8 0 5 5 NS
AB 5 4 . 5 0 0 1 1 5 3 . 6 3 3 3 NS
A 4 5 . 5 8 8 2 1 5 3 . 0 3 9 2 NS
BCD 8 . 2 7 3 3 1 8 . 2 7 3 3 *  10$  l e v e l
BC 2 . 2 8 2 3 1 2 . 2 8 2 3 NS I
BD 0 . 3 3 0 7 1 0 . 3 3 0 7 NS
B 0 . 0 0 1 4 1 0 . 0 0 1 4 NS
CB 0 . 0 0 2 8 1 0 . 0 0 2 8 NS
c 2 9 . 1 7 9 1 1 2 9 . 1 7 9 1 * 0 . 5$  l e v e l
D
10*5600 1
i ' - :
1 0 . 5 8 0 0
.... . J
*  5$  l e v e l
DISTANCE VECTOR 2
ABCD 2 4 . 6 9 9 7 1 5 1.6466
ABC 3 9 . 2 9 2 6 1 5 2 . 6 1 9 5 NS
ABB 86 .6710 1 5 5 .7 7 8 1 *  2 . 5$  l e v e l
AB 3 3 . 0 9 7 3 1 5 2 . 2 0 6 5 NS
ACB 8 5 . 5 6 3 8 1 51 5 . 7 0 4 3 *  2 . 5$  l e v e l
AC 7 1 . 7 1 6 6 1 5 4 . 7 8 1 1 *  2 , 5$  l e v e l
AB 7 3 . 7 8 9 5 1 5 4 . 9 3 2 6 *  2 . 5$  l e v e l
A 1 2 2 .7 9 9 5 1 5 8 . 1 8 6 6 *  0 . 5$  l e v e l
BCB 1 .3801 1 1.3801 NS
BC 2 . 7 7 0 4 1 2 . 7 7 0 4 NS
BB 7 . 8 9 7 8 1 7 . 8 9 7 8 *  5$  l e v e l
B 0 .0176 1 0 . 0 1 7 6 NS
CB 2 . 5 8 2 4 1 2 . 5 8 2 4 NS
C 0 . 2 4 3 9 1 0 . 2 4 3 9 NS
B 106.5181 1 106.5818 * 0 . 1$  l e v e l
- 8 4 -
T a b l e  1 5  c o n t i n u e d
J&qXo r i f tL .A n A 3LYBia,, o f  _ V a x ia n o .e  -  DISTANCE VECTOR 3
S o u r c e SS DF MS SIG N IF IC A N C E
ABCD 2 3 . 7 8 2 4 1 5 1 . 5 8 5 5
ABC 2 7 .9 1 5 4 1 5 1 . 8 6 1 0 ' NS
ABD 3 7 . 8 8 2 3 1 5 2 . 5 2 5 5 NS
AB 2 9 . 9 1 4 9 1 5 1 . 9 9 4 3 NS
ACD 6 7 . 3 6 8 5 1 5 4 . 4 9 1 2 *  5#  l e v e l
AC 8 3 . 5 8 8 7 1 5 5 . 5 7 2 6 *  1#  l e v e l
AD 8 0 . 5 1 7 5 1 5 5 .8678 ♦  2 . 5#  l e v e l
A 8 7 .5 X 6 5 1 5 5 . 8 3 4 4 * 1#  l e v e l
BCD 2 . 8 6 5 9 1 . 2 . 8 6 5 9 NS
BC 0 . 6 0 2 9 1 0 . 6 0 2 9 NS
BD 3 . 8 6 7 3
•
1 3 . 8 6 7 3 NS
B 4 . 6 7 4 5 1 4 . 6 7 4 5 NS
CD 0 . 6 6 3 7 1 0 . 6 6 3 7 NS
C 3 7 . 6 5 7 1 1 3 7 .6 5 7 1 * 0 . 1#  l e v e l
D 5 .0 7 8 1
_  - J
1 5 .0 7 8 1 NS
-85-
Piataagg Hatalt
P o i n t s  a r i s i n g  f r o m  t h e  d i s t a n c e  m a t r i x  o n  t h e  o v e r a l l  d a t a  w e r e  
t h a t  E i g e n v e c t o r  1  s e p a r a t e d  o u t  P e n i o i l l i u m  s p  o n  o n e  a x i s .  We h a v e  
p r e v i o u s l y  e s t a b l i s h e d  t h a t  P e n i o i l l i u m  e p  i s  a p p a r e n t l y  o c c u r r i n g  a t  
r a n d o m .  O t h e r  s p e c i e s / g r o u p s  r e p r e s e n t e d  a r e  A u r c o b m a l d lu m  s p *
a n d  Q r a n h i u n .  a l l  a t  a b o u t  t h e  
s a m e  v a l u e *  I t  w o u ld  s e e m  p r o b a b l e  t h a t  e i g e n v e c t o r  I  d i s t i n g u i s h e s  
t h e  p i o n e e r  o r g a n i s m s  i n  t h e  e s t a b l i s h m e n t  o f  a  s t a b l e  c o m m u n i ty *  T h e  
s e p a r a t e  a n a l y s e s  o f  t h e  d i f f e r e n t  s i t e s  a l s o  d i s t i n g u i s h e d  
P e n i c i l l i u m  s p p *  i n  t h e  s a m e  w a y .
E i g e n v e c t o r  2  o n  t h e  o v e r a l l  d a t a  s p l i t  o f f  T r i o h o d e r m a  s p
a n d  b a c t e r i a *  t o g e t h e r  a s  d i s t i n c t  f r o m  t h e  o t h e r  g r o u p s .  O n i n ­
s p e c t i o n  b a s i s  o f  t h e  o r i g i n a l  d a t a *  b a c t e r i a  w o u ld  a p p e a r  t o  b e  p r e s e n t  
t h r o u g h o u t  h e a r t w o o d  a n d  s a p w o o d . s u r f a c e  a n d  d e p t h *  a n d  t r e a t e d  a n d  
u n t r e a t e d .  T r i o h o d e r m a  a p p e a r e d  a s  a  w o u n d  i n v a d e r  a f t e r  t h e  i n i t i a l  
c o l o n i s a t i o n  b y  s p e c i e s  s u c h  a s  C l a d o a p o r i u m .  K p ic o c c u m  s p .  C r a p h im n  s p .  
P a e c l l o m v o e s  s p .  a n d  l e n l c i l l l u m  s p  E i g e n v e c t o r  2  m a y  i s o l a t e  t h e  s e c o n d  
s t a g e  i n  t h e  e s t a b l i s h m e n t  o f  a  s t a b l e  c o m m u n i t y •
E i g e n v e c t o r  3  s e p a r a t e s  o u t  B a s i d i o u y c e t e s ,  b a c t e r i a  a n d
A u r e o b a s i d i u m  s p  a n d  s u g g e s t s  t h a t  t h e  n e x t  i m p o r t a n t  p o i n t  i s  a  s u r f a c e /  
d e p t h  d i f f e r e n c e .
T h e  p l o t s  r e p r e s e n t  e i g e n v e c t o r s  t i m e s  o r i g i n a l  d a t a ( f r e q u e n c i e s  
o f  i s o l a t i o n ) .  T h e  g r a p h  o f  h o r i z o n t a l  e i g e n v e c t o r  I  a n d  v e r t i o a l  
e i g e n v e c t o r  2 s h o w s  m a i n l y  s u r f a c e  t r e a t e d  s a m p l i n g  t i m e s  s e p a r a t e d  
f r o m  d e p t h  s a m p l e s .  A d i s t i n c t i o n  w h ic h  i s  s i g n i f i c a n t  o n  V e c t o r  1  a t  
t h e  5 $  l e v e l .  T h e  t o p  r i g h t  h a n d  c o r n e r  o f  t h e  g r a p h  a r e  m a i n l y  l a t e
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d e p t h  s a m p l i n g  t i m e s .  T h e  t o p  l e f t  a r e  t r e a t e d  s u r f a c e  s a m p l e s  w i t h  
e a r l y  s u r f a c e  t r e a t e d  a n d  u n t r e a t e d  a t  t h e  l o w e r  l e f t  c o r n e r  ( s i g ­
n i f i c a n t  o n  V e c t o r  2  a t  C . l #  l e v e l ) .  T h e  b o t t o m  r i g h t  i s  a  m i x t u r e  o f  
t h e  r e m a i n i n g  s u r f a c e  t r e a t e d  a n d  u n t r e a t e d  a n d  d e p t h  t r e a t e d  a n d  u n ­
t r e a t e d  b u t  w i t h  d  e p t h  d o m i n a t i n g .
E i g e n v e c t o r s  1  a n d  3  s h o w  a  c l e a r  d i s t i n c t i o n  b e t w e e n  d e p t h  a n d  
s u r f a c e  s a m p l e s .  T h e  d i v i s i o n  i s  d i a g o n a l  w i t h s u r f a c e  t i m e s  a n d  e a r l y  
d e p t h  a t  t h e  t o p  l e f t ,  a n d  d e p t h  a n d  l a t e  s u r f a c e  a t  t h e  b o t t o m  r i g h t .  
E a r l y  d e p t h  a n d  l a t e  s u r f a c e  m i g r a t e  i n t o  t h e  m a i n  d i v i s i o n s  a t  t h e  
d i v i d i n g  z o n e  l i n e .  E i g e n v e c t o r s  2 a n d  3 s h o w  a  t e n d e n c y  t o  s e p a r a t e  
s u r f a c e  s a m p l e s  a t  t h e  t o p  l e f t  c o r n e r .
E i g e n v e c t o r s  1  a n d  3  s u g g e s t  t h a t  w h e r e  t h e  l a t e  s u r f a c e  a r e  
i n t e r m i n g l e d  w i t h  t h e  s u b - s u r f a c e  o r g a n i s m s  i t  i s  p r o b a b l e  t h a t  b o t h  
h a b i t a t s  a r e  a p p r o a c h i n g  t h s  a b i l i t y  t o  s u p p o r t  t h e  s a m e  c o m m u n i ty  
o v e r u l i n g  t h e  t e n d e n c y  f o r  t h e  d i s t i n c t  s e p a r a t i o n  o f  t h e  s u r f a c e  a n d  
d e p t h  s a m p l e s ,  ( s i g n i f i c a n t  o n  V e c t o r  3  a t  t h e  0 . 1 #  l e v e l ) .
A n a l y s i s  o f  v a r i a n c e  o n  t h e  d i s t a n c e  V e c t o r  I  s h o w s  t h e  s u r f a c e /  
d e p t h  d i f f e r e n c e  a s  s i g n i f i c a n t  a t  t h e  0 . 5 #  l e v e l .  D i s t a n c e  v e c t o r  2  
s h o w s  t h e  t i m e  d i f f e r e n c e  a n d  t r e a t e d / u n t r e a t e d  d i f f e r e n c e  aB  s i g n i f i c a n t  
a t  t h e  0 . 5 #  a n d  0 . 1 #  l e v e l s  r e s p e c t i v e l y .  D i s t a n c e  v e c t o r  3  b r i n g s  o u t  
t h e  s u r f a c e / d e p t h  d i f f e r e n c e  a s  s i g n i f i c a n t  a t  t h e  0 . 1#  l e v e l .
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E i g e n v a l u e s  a n d  P e r c e n t a g e  o f  T o t a l  C o n t r i b u t i o n  
p e r  E i g e n v e c t o r
! ----------------------  ------- ^
1
E i g e n v a l u e s
....................................j
P e r c e n t a g e  o f  T o t a l  C o n ­
t r i b u t i o n  p e r  E i g e n v e c t o r
6,36900 2 2 .9 5 1 9
5 . 1 1 1 7 2 1 8 . 4 2 1 0
3 . 9 5 4 2 1 1 4 . 2 4 9 8
3 . 4 0 7 5 3 1 2 . 2 7 9 7• h
3 . 3 2 7 1 9 1 1 . 9 9 0 2
2 . 3 4 9 6 9 8 . 4 6 7 5 6
1 . 0 6 5 4 9 3 . 8 5 4 1 0
0.881970 3 .1 7 8 3 4
0 .7 3 8 5 3 4 2 . 6 6 1 4 4
0.540010 1 . 9 4 6 0 3
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T h e  f i r s t  t h r e e  p r i n c i p a l  c o m p o n e n t s  o f  t h e  o o v a r i a n o e  m a t r i x  
a c c o u n t  f o r  5 5 . 6 #  o f  t h e  v a r i a t i o n  i n  t h e  d a t a .  T h e  f i r s t  c o m p o n e n t  
a c c o u n t i n g  f o r  22 . 95#  o f  t h e  v a r i a n c e  r e p r e s e n t s  v a r i a n c e  b e t w e e n  t h e  
i n i t i a l  c o l o n i s e r s ,  y e a s t s ,  P e n l c i l l i u m  s p .  a n d  A u r e o b a s l d i u m  s p .  I n  
t h e  d i s t a n c e  m a t r i x ,  P e n i c i l l i u m  s p p .  d o m i n a t e d  t h e  f i r s t  a x i s  b e c a u s e  
o f  i t s  a b u n d a n c e ,  t h e  c o v a r i a n c e  m a t r i x  p r o d u c e s  a  m o r e  b a l a n c e d  
p i c t u r e .  A u r e o b H s id i u m  s p .  w a s  f r e q u e n t l y  i s o l a t e d  f r o m  b o t h  s u r f a c e  
a n d  d e p t h  i n  a s s o c i a t i o n  w i t h  P e n i c i l l i u m  s p p .  i n  t h e  i n i t i a l  w e e k s  o f  
w o u n d i n g .  A l t h o u g h  P e n i c i l l i u m  s p p .  w e r e  s h o w n  t o  o o c u r  a t  r a n d o m  o n  
t h e  o v e r a l l  d a t a  i t  i s  p o s s i b J . e  f i r s t  f r o m  o b s e r v a t i o n s  o f  t h e  g r o s s  
m o r p h o l o g y  o f  t h e  w o u n d  f a c e  t h a t  i t  m a y  w e l l  f o r a  p a r t  o f  t h e  / '
e s t a b l i s h e d  c o m m u n i ty  a t  t h i s  s u r f a c e  s i t e ,  i n  t h e  i n i t i a l  s t a g e s .
T h e  s e c o n d  c o m p o n e n t  h a s  s e p a r a t e d  o u t  T r i c h o d e r m a  s p .  
B a a l d i o m v c e t e a  a n d  B a c t e r i a  a n d  a p p e a r s  t o  b e  e i t h e r  d i s t i n g u i s h i n g  
t h e  n e x t  s t a g e  i n  t h e  s u c c e s s i o n  o r  a  d e p t h / s u r f a c e  d i f f e r e n c e .  T h e  
t h i r d  c o m p o n e n t  ( s i g n i f l e a n t  a t  1 «< #  l e v e l )  d i s t i n g u i s h e s  a  s u r f a c e /  
d e p t h  d i f f e r e n c e  b e t w e e n  d e p t h  c o l o n i s e r s ,  B a s i d i o r a y c e t e s  a t  o n e  e n d  a n d  
s u r f a c e  c o l o n i s e r s ,  T r i c h o d e r m a  s p  a t  t h e  o t h e r  e n d  ( s i g n i f i c a n t  o n  
v e c t o r  3  a t  0 # $  l e v e l ) .  T r i c h o d e r m a  s p *  s e e m e d  ,  f r o m  t h e  o r i g i n a l  
s a m p l i n g  d a t a ,  t o  b e  a  p r e c e d e n t  i n  a  n u m b e r  o f  c a s e s  f o r  B a s i d i o m y c e t e  
c o l o n i s a t i o n  a n d  t h i s  c o u l d  e x p l a i n  v e c t o r  4  w h e r e  B a s i d i o m y o e t e s  h a v e  
s e p a r a t e d  o u t  f r o m  T r i c h o d e r m a  s p .  S p h a e r o p s i d a l e s  a n d  P e n i c i l l i u a i  s p
P l o t s  o f  t h e  s a m p l i n g  o n  t h e  c o o r d i n a t e s  s h o w  a  d i s t i n c t i o n  b e t w e e n  
d e p t h  a n d  s u r f a c e  s a m p l e s .
9 f c i N C \ P A k  C o n p o x o e t o A S  6 to  " m e
C o \ |  P v ^ c t  vaA 'V  feTy +     ’
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FACTORIAL A NA LY SIS OF VARIANCE 
COVARIANCE VECTOR I
SOURCE S S DF MS S IG N IF IC A N C E
ABCD 3 9 . 9 0 9 5 1 5 2 . 6 6 0 6
ABC 4 9 . 7 7 4 8 15 3 . 3 1 8 3 NS
ABC 1 1 3 .0 7 3 1 1 5 7 . 5 3 8 2 *  5 $  l e v e l
AB 3 3 . 0 6 3 5 1 5 2.2042 NS
ACD 7 3 . 3 8 4 2 1 5 4 . 8 9 2 3 NS .
AC 1 7 0 .5 1 4 1 1 5 1 1 . 3 6 7 6 ♦  0 . 5$  l e v e l
AD 9 4 . 3 8 2 0 1 5 6 .2921 *  5$  l e v e l
A 9 2 . 1 7 8 2 1 5 6 . 1 4 5 2 *  10$  l e v e l
BCD 0 . 1 2 9 3 1 0 . 1 2 9 3 NS
BC 0 . 5 9 4 9 1 0 . 5 9 4 9 NS
BD 2 .8866 1 2 .8866 NS
B 1 1 . 3 0 0 3 1 1 1 . 3 0 0 3 ♦  10$  l e v e l
CD 1 . 7 5 9 2 1 1 . 7 5 9 2 NS
C 2 5 . 1 0 5 7 1 2 5 . 1 0 5 7 *  1 . 0$  l e v e l
D 1 2 2 . 9 7 0 4 1 1 2 2 . 9 7 0 4 *  0 . 1$  l e v e l
O O V A ttA ie *  V W TO R  g
ABCD 5 5 . 7 7 6 8 1 5 3 . 7 1 8 5
ABC 6 7 . 0 5 9 0 1 5 4 . 1 3 7 3 NS
ABD 7 4 . 1 0 1 6 1 5 4 . 9 4 0 1 NS
AB 5 5 . 2 3 1 8 1 5 3 . 6 8 2 1 NS
ACD 4 3 . 1 7 3 2 1 5 2 .8782 NS
AC 7 4 . 1 1 9 5 1 5 4 . 9 4 1 3 NS
AD 9 1 . 5 4 0 7 1 5 6 . 1 0 2 7 NS
A 9 9 . 3 1 8 5 1 5 6 .6212 NS
BCD 9 . 0 7 7 0 1 9 . 0 7 7 0 NS
BC 1 6 . 7 6 9 3 1 1 6 . 7 6 9 3 *  10$  l e v e l
BD 1 9 . 6 3 9 2 1 1 9 . 6 3 9 2 ♦  l e v e l
B 1 4 . 9 3 7 2 1 1 4 . 9 3 7 2 *  10$  l e v e l
CD 0 . 1 0 7 3 1 0 . 1 0 7 3 NS
C 1 . 9 9 5 5 1 1 .9 9 5 5 NS
D 1 3 . 9 1 4 1 1 1 3 . 9 1 4 1 *  10$  l e v e l
ABCD 3 6 . 3 0 8 3
COVARIANCE VECTOR 3  
1 5  2 . 4 2 0 6 NS
ABC 3 2 . 3 2 4 0 1 5 2 . 1 5 4 9 NS
ABD 5 7 . 9 8 7 2 1 5 3 .8658 NS
AB 2 4 . 3 6 9 0 1 5 1 .6246 NS
ACD 6 8 . 6 7 3 0 1 5 4 . 5 7 8 2 NS
AC 6 3 . 0 4 3 2 1 5 4 . 2 0 2 9 NS
AD 84 .6788 1 5 5 . 6 4 5 3 NS
A 7 7 . 1 2 8 7 1 5 5 . 1 4 1 9 NS
BCD 1 1 . 1 3 3 3 1 1 1 . 1 3 3 3 *  5$  l e v e l
BC 0 .5126 1 0 . 5 1 2 6 NS
BD 5 . 7 0 0 4 1 5 . 7 0 0 4 NS
B 0 . 3 2 5 4 1 0 . 3 2 5 4 NS
CD 0 . 1 0 3 3 1 0 . 1 0 3 3 NS
C 2 7 . 6 4 8 9 1 2 7 . 6 4 8 9 *0 . 5$  l e v e l
D 0 . 0 2 0 6 1 0 . 0 2 0 6 NS
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■TA BM t - i . ? - . ,
EIGENVALUgS _AND, PERCENTAGE OF TOTAL CONTRIBUTION
p e r , m m w m
P e r c e n t  o f  T o t a l  c o n t r i b u t i o n  
p e r  e i g e n v a l u e  . ..............._____
1 .87636 1 8 . 7 6 3 6
1 . 4 U5 9 4 1 4 . 0 5 9 4
1 . 1 3 1 9 9 1 1 . 3 1 9 9
1 . 1 0 4 0 8 1 1 . 0 4 0 8
0 . 9 4 9 6 5 8 9 . 4 9 6 5 8
0 . 8 8 6 4 3 6 8 . 8 6 4 3 6
0 . 8 7 7 3 5 7 S . 7 7 3 5 7
0 . 6 6 0 8 3 1 6 . 6 0 8 3 1
0 . 5 9 1 3 6 0 5 . 9 1 3 6 0
0 . 5 1 5 9 9 3 5 . 1 5 9 9 3
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P r i n c i p a l  C o m p o n e n t  a n a l y s i s  o f  t h e  c o r r e l a t i o n  m a t r i x  s u g g e s t s  
t h a t  t h e  f i r s t  f o u r  c o m p o n e n t s  a c c o u n t  f o r  55#  o f  t h e  t o t a l  v a r i a t i o n .  
T h e  f i r s t  c o m p o n e n ta w :  o u s t i n g  f o r  1 9 #  o f  t h e  v a r i a b i l i t y  i s  a  g e n e r a l  
i n d e x  o f  s a p w o o d  c o l o n i s e r s  g i v i n g  g r e a t e s t  w e i g h t  t o  B a s i d i o m y c e t e s  
a n d  G ja .p h .iu m  • T h e  s e c o n d  e i g e n v e c t o r  a c c o u n t i n g  f o r  1 4 #  o f  t h e  
t o t a l  v a r i a b i l i t y  g i v e s  g r e a t e s  w e i g h t  t o  i n i t i a l  p i o n e e r  o r g a n i s m s  
A u r e o b a s i d i u m  s p .  S p h a e r o p s i d a l e s  T e a s t s  a n d  PgnA P.U U M EI, » P P *
T h e  p l o t s  o n  v e c t o r s  1  a n d  2  s h o w  t h e  a s s o c i a t i o n  b e t w e e n  t h e  
1 0  v a r i a b l e s .  T h e  a s s o c i a t i o n  s e e m s  t o  b e  g r e a t e s t ,  s i g n i f i c a n t  a t  t h e  
0 . 1 #  l e v e l ,  b e t w e e n  B a s i d i o m y c e t e s  a n d  C r a p h iu m  s p .  A u r e o b a s i d i u m  
s p .  s e e m s  t o  b e  t h e  c e n t r e  f o r  t h e  o t h e r  a s s o c i a t i o n s .  H e r e  a g a i n  
d e p t h  o r g a n i s m s ,  B a s i d i o m y c e t e s ,  a n d  s u r f a c e  o r g a n i s m s  A u r e o b a s i d i u m  
s p ,  y e a s t s  h a v e  s e p a r a t e d  o u t .  T h e  s a m p l i n g  t i m e  p l o t s  o n  v e c t o r s  
2 a n d  3 s h o w  a  m i g r a t i o n  o f  u n t r e a t e d  s a m p l e s  t o  t h e  l e f t  o f  t h e  
g r a p h  a n d  t r e a t e d  t o  t h e  r i g h t .
t£>tA P o ^  L  t e n s  o U
C!o>A.ia.€r U  W t  O  *V  T v A ; ( ^ \  fC " ~
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FACTORIAL ANALYSIS OF VARIANCE
C O J tm A T IO N  VECTOR 1
X43fck-21____
Source S S DF MS S IG N IF IC A N C E
ABCD 7 . .  25 7 7 . 8 2 2 6 1 5 5 . 1 8 8 2 NS
ABC 6 0 . 7 1 6 4 1 5 4 . 0 4 7 8 NS
ABD 1 2 3 . 2 3 5 7 1 5 8 . 2 1 5 7 NS
AB 3 7 . 4 5 4 8 1 5 2 . 4 9 7 0 NS
ACD 4 3 . 9 4 4 7 1 5 2.9296 NS
AC 9 3 . 6 4 9 1 1 5 6 . 5 7 6 6 NS
AD 88 .6488 1 5 5 . 9 0 9 9 NS
A 9 1 . 0 4 4 6 1 5 6.0696 NS
BCD 1 2 . 4 7 1 9 1 1 2 . 4 7 1 9 NS
BC 2 . 5 4 5 1 1 2 . 5 4 5 1 NS
BD 1 3 . 7 0 3 3 1 1 3 . 7 0 3 3 NS
B 1 5 . 6 8 3 5 1 1 5 . 6 8 3 5 NS
CD 2 . 7 9 6 3 1 2 . 7 9 6 3 NS
C 2 . 2 3 7 4 1 2 . 2 3 7 4 NS
D 7 . 6 1 1 3 1 7 . 6 1 1 3 NS
CORRELATION VECTOR 2
ABCD2 2 4 . 8 5 2 9 1 5 1 . 6 5 6 9
ABC 69 .0096 1 5 4 . 6 0 0 6 *  5$  l e v e l
ABD 7 0 . 5 6 7 9 1 5 4 . 7 0 4 5 *  5$  l e v e l
AB 1 6 . 0 6 1 9 1 5 1 .0708 NS
ACD 7 3 . 3 1 6 7 1 5 4 . 8 8 7 8 *  2 . 5$ l e v e l
AC 6 6 . 7 0 2 3 1 5 4 . 4 4 6 8 *  5$  l e v e l
AD 9 7 . 7 2 4 4 1 5 6 .5150 *  1$  l e v e l
A 9 1 . 4 5 0 8 1 5 6 . 0 9 6 7 *  1$  l e v e l
BCD 0 . 8 6 9 2 1 0 .8692 NS
BC 2 . 0 3 9 2 1 2 . 0 3 9 2 NS
BD 0 . 6 8 5 9 1 0 . 6 8 5 9 NS
B 0 . 1 2 3 4 1 0 . 1 2 3 4 NS
CD 0 .0000 1 0 .0000 NS
C 3 9 . 5 0 7 2 1 3 9 . 5 0 7 2 *  0 . 1$  l e v e l
D 6 1 . 5 2 4 6 1 61.5246 *  0 . 1$  l e v e l
CORRELATION VECTOR 3
ABCD 27 .4128 1 5 1 . 8 2 7 5
ABC 3 4 . 1 4 9 8 1 5 2 . 2 7 6 7 NS
ABD 1 4 . 0 2 6 9 1 5 0 . 9 3 5 1 NS
AB 2 6 . 2 1 1 9 1 5 1 . 7 4 7 5 NS
ACD 36 .6001 1 5 2 . 4 4 0 0 NS
AC 3 4 . 6 4 1 1 1 5 2 . 3 0 9 4 NS
AD 5 7 . 5 9 5 9 1 5 3 . 8 3 9 7 *  10$  l e v e l
A 7 9 . 1 2 9 1 1 5 5 . 2 7 5 3 *  2 . 5$  l e v e l
BCD 0 . 1 2 6 9 1 0 . 1 2 6 9 NS
BC 0 . 0 1 6 3 1 0 . 0 1 6 3 NS
BD 7 . 7 4 2 6 1 7 . 7 4 2 6 *  5$  l e v e l
B 0 . 0 8 4 8 1 0 .0848 NS
CD 1 .0002 1 1 .0002 NS
C 1 1 . 4 7 5 0 1 1 1 . 4 7 5 0 *  2 . 5$  l e v e l
D 3 . 7 8 9 8 1 3 . 7 8 9 8 NS
w it M
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S u r f a c e /  d e p t h  c o m e s  o u t  a s  s i g n i f i c a n t  a t  t h e  0 . 1 $  a n d  2 . 5 $  
l e v e l  o n  v e c t o r s  2  a n d  5  r e s p e c t i v e l y .  T r e a t e d / u n t r e a t e d ,  D i s  
s i  n i f i c a n t  a t  t h e  0 . 1$  l e v e l  o n  v e c t o r  2 .
T h e  r e s u l t s  a r e  s u m m a r i s e d  i n  t h e  t a b l e  b e l o w  a n d  w i l l  b e  
d i s c u s s e d  m o r e  f u l l y  i n  a  l a t e r  s e c t i o n .
TREATMENT
M a t r i x V e c t o r A ,T im e B ,S a p w o o d /  
H e a r t w o o d
C , S u r f a c e /  
D e o th
D , T r e a t e d  
U n t r e a t e d
D i s t a n c e 1 N . S . N . S . 0 . 5 $ 5 $
2 0 . 5 $ N .S . N . S . * 0 . 1$
3 1$ N . S . * 0 . 1$ N . S .
C o v a r i a n c e 1 10$ 10$ 1 . 0$ * 0 . 1$
2 N . S . 10$ N . S . 10$
3 N . S . N .S . 0 . 5 $ M .S .
C o r r e l a t i o n 1 N . S . N . S . N . S . N . S .
2 1$ N . S . * 0 . 1$ * 0 . 1$
3 2 . 5 $ N . S . 2 . 5 $ N . S .
*  S IG N IF IC A N T  AT 0 . 1 $  LEVEL 
N . S .  NOT S IG N IF IC A N T
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QstmLmLQ*
P r i n c i p a l  C o m p o n e n t  A n a l y s i s  o n  t h e  d a t a  h a s  s u b s t a n t i a t e d  t h e  
v i e w  t h a t  a  d e f i n i t e  s u c c e s s i o n  o f  o r g a n i s m s  d o e s  o c c u r  t h r o u g h  t i m e  
a f t e r  p r u n i n g .  T h o s e  o r g a n i s m s  d i f f e r  i n  t h e i r  a b i l i t y  t o  c o l o n i a e  
t h e  s u r f a c e ,  a n d  s u b - s u r f a c e  i n  t h e  I n i t i a l  s t a g e s  ( S i g n i f i c a n t  a t  
0 . 1$  l e v e l  o n  d i s t a n c e  v e c t o r  3 a n d  c o r r e l a t i o n  v e c t o r  2 ) .
P r o p e r t i e s  o f  t h e  s u b s u r f a c e  w h i c h  i n h i b i t  c o l o n i s a t i o n  b y  c e r t a i n  
o r g a n i s m s  s e e m  t o  d i s a p p e a r  o n  a g e i n g  o f  t h e  w o u n d  ( S i g n i f i c a n t  o n  d i s t a n c e
v e c t o r s  1 a n d  2 a t  0 . 5$  a n d  0 . 1$  l e v e l s ,  c o r r e l a t i o n  v e c t o r s  2 a n d  3
a t  0 . 1$  a n d  2 . 5$  l e v e l s ) .
T r e a t e d  w o u n d s  d i f f e r  f r o m  u n t r e a t e d  w o u n d a  I n  t h e i r  a b i l i t y  t o  
s u p p o r t  o r g a n i s m s  ( s i g n i f i c a n t  o n  d i s t a n c e  v e c t o r s  1 a n d  2 a t  0 . 5$  a n d  0 . 1$
l e v e l s ,  c o v a r i a n c e  v e c t o r  1 a t  0 . 1$  l e v e l ,  c o r r e l a t i o n  v e c t o r  2 a t  t h e
0 . 1$  l e v e l . )
T h e  f i r s t  o r g a n i s m s  t o  c o l o n i s e  i n c l u d e  t h o s e  t h a t  c a u s e  b l u e -  
s t a i n  o f  w o o d  e . g .  A u r s o h a a i d l u m  s p .  a n d  t h e  m o u ld  f u n g i  e . g .
P e n i c i l l i n *  s p p .  £ r .lc h p f lq E R &  » p .  t h e  o t h e r  m e m b e rs  o f  t h e  F u n g i  
I m p e r f e c t i  i n c l u d i n g ,  P h e o l l Q g y c e e  s p ,  a n d  f t U p g l ^ u a  * P »  so m e  o f  
w h ic h  a r e  r e s p o n s i b l e  f o r  s o f t  r o t  i n  w o o d .  T h e  n e x t  s t a g e  w o u ld  a p p e a r  
t o  i n c l u d e  m e m b e r s  o f  t h e  T u b e r c u l a r i a c e a e  s p .  a n d
F u s a r i u a  s p )  f o l l o w e d  b y  m e m b e r s  o f  t h e  S p h a e r o p s i d a l e s  e . g .  D l p l o d l a  s p .  
B a s i d i o m y c e t e s  a p p e  r  a t  a  l a t e r  s t a g e ,  a n d  p r e d o m i n a n t l y  a s  d e p t h  
o r g a n i s m s , a n d  o n e e e s t a b l i s h e d  n o t  b e i n g  r e p l a c e d  i n  t h e  s u b - s u r f a c e  
s a m p l e s .
I n  t h e  p r e s e n t  w o r k ,  p r i n c i p a l  c o m p o n e n t  a n a l y s i s  h a s  s u g g e s t e d  
h y p o t h e s e s  t o  a c c o u n t  f o r  t h e  v a r i a t i o n  w h ic h  w e r e  n o t  o b v i o u s  f r o m  
t h e  r a w  d a t a  o r  g r a p h i c a l  p r e s e n t a t i o n .
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s t e r e o s c a n  .mic r q q s a p h s
P h o t o g r a p h s  1 -  n  s h o w  s e c t i o n s  c u t  b y  h a n d  f r o m  ' h e a l t h y '  
o a k ,  Q u e r c u a  r o b u r .  A n e w  r a z o r  b l a d e  w a s  u s e d  f o r  e a c h  f i n a l  s u r f a c e  
c u t .  T h e  o b j e c t  w a s  t o  b e c o m e  f a m i l i a r  w i t h  t h e  d e t a i l e d  t i s s u e  
s t r u c t u r e  o f  Q u e r c u a  r o b u r  i n  a  ' h e a l t h y '  s t a t e  b e f o r e  l o o k i n g  a t  t h e  
w o u n d  m a t e r i a l
Vgo4. .K9.M1 .£&£<? fismgl.for 3£j»P.a.th§,
P h o t o g r a p h s  12 -  2 4
T h e  p h o t o g r a p h s  s h o w  t h e  g e n e r a l  d e t e r i o r a t i o n  o f  t h e  c e l l  w a l l s .  
T h e r e  i s  p r o b a b l e  e v i d e n c e  f o r  t y l o s e  f o r m a t i o n ,  r e s i n  a n d  gum  p r o d u c t i o n .  
H y p h a e  a r e  c l e a r l y  p r e s e n t  -  so m e  h a v e  g r o w n  o u t  o f  t h e  s e c t i o n  a f t e r  
c u t t i n g .
P h o t o g r a p h  15 s h o w s  c a v i t y  f o r m a t i o n  a n d  s u g g e s t s  t h e  p r e s e n c e  
o f  s o f t  r o t  f u n g i .
P h o t o g r a p h  1 8  s h o w s  a  d i f f u s e  d e t e r i o r a t i o n  o f  t h e  w o o d , 
B a e i d i o m y c e t e  h y p h a e  a r e  p r e s e n t  a n d  t h i s  s u g g e s t s  b r o w n  r o t .
W ood f r o m  a  w o u n d  f a c e  e x p o s e d  2 8  m o n t h s
T h e  w o u n d  f a c e  f r o m  a n  u n t r e a t e d  w o u n d  ( N o .  1 3 )  w a s  c u t  u s i n g  a  
c h a i n s a w  a s  f a r  b a c k  i n t o  t h e  t r u n k  a e  p o s s i b l e  ( a p p r o x i m a t e l y  2 .0  c m ) .
T h e  u p p e r m o s t  f a o e  s h o w e d  d i s c o l o r a t i o n  o f  t h e  s a p w o o d  a n d  f u n g i  
e p o r u l a t i n g  o n  t h e  s u r f a c e .  A l g a e  w e r e  a l s o  p r e v a l e n t .  T h e  r e v e r s e ,  
s u b - s u r f a c e  s e c t i o n  s h o w e d  v a r i o u s  t y p e s  o f  r o t s  a n d  d i f f e r i n g  w o o d  
c o n d i t i o n s .  F r a c t u r e d  s u r f a c e s  o f  t h e s e  a r e a s  w e r e  e x a m i n e d  u n d e r  
t h e  S t e r o s o a n .
P h o t o g r a p h  70  s h o w s  t h e  r e v e r s e  s i d e  o f  t h e  w o u n d  f a c e .
NORMAL 'HEALTHY' WOOD - All
Stereoscan Photom icrographs
,y
Plate 1 Section cut from Quercus 
robur. Transverse plane showing 
v e sse ls . Thickenings on v esse l  
wall are just visible Mag x 62
Plate 2 View into the larger 
v esse ls  showing pits Mag x 340
Plate 3 P its x 620
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sections are razor cut by hand
Plate 4 P its x 3. IK Plate 5 Medullary ray running 
close to v esse l Mag x 142
Plate 6 Longitudinal Tangential 
section x 136
Plate 7 Thickenings of wood 
v e s s e lx  310
Plate 8 'Bordered pits 
Mag x 1. 24K
Plate 9 Longitudinal Radial 
section, medullary ray running 
across wood v e sse ls . Mag x 133
Plate 10 Medullary ray pits Plate 11 Close up of medullary
connecting with the wood v e sse ls . ray ce lls  with pits x 3. 4K
x 620
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Plate 12 After 22 months exposure, Plate 13 Tylose formation. Sub-
hyphae present. Gum and resin  surface specim en, x 310
production in v e sse ls , x 1.24K
Plate 14 Beginning of tylose  
formation, x 310
Plate 15 General deterioration of 
wood. Cavity formation and hyphae 
evident, x 930
Plate 16 Mycelium and resins 
present, x 992
WOOD REMOVED AFTER 22 MONTHS EXPOSURE
- 1 0 9 -
Stereoscan Photom icrographs
Plate 17 Collapse of wood 
v e sse l, x 310
Plate 18 Hyphae, possiDiy clamp 
connections present. Diffuse
1.3K
Plate 19 Hyphae across cross  
m em bers, x 620
Plate 20 General deterioration of 
wood. Longitudinal Tangential 
Section, x 310
HAND CUT SPECIMENS
Wood removed from wound face, after
-110-
Stereoscan Photom icrographs
i+iate zi  uum s and resins in pores 
x 1.6K
Plate 22 Hyphal tip in v esse l + 
mycelium present, x 4K.
24 months exposure
Plate 23 Hyphae in wood v esse l  
x 4K
Plate 24 Hyphae across wood 
v e sse ls . Cavities are visib le, x 1.
Wound Face used in Stereoscan work looking at various fractured 
surfaces
Plate 70 - l 11-
T h i s  i s  t h e  a r e a  t o  t h e  b o t t o m  l e f t  o f  p h o t o g r a p h  70 P l a t e  53 
g i v e s  t h e  o r i e n t a t i o n  o f  t h e  s p e c i m e n *  T h e  v e s s e l s  h e r e  s h o w  v e r y  
l i t t l e  d e t e r i o r a t i o n  w h e r e a s  t h e  t i s s u e s  s u r r o u n d i n g  th e m  a p p e a r  t o  
h a v e  l o s t  t h e i r  o r g a n i s e d  r i g i d  s t r u c t u r e .
P l a t e  54 s h o w s  a  c o m p l e t e  p l u g  o f  h y p h a e  i n  t h e  w o o d  v e s s e l  a n d  
d e t e r i o r a t i o n  o f  t h e  s u r r o u n d i n g  t i s s u e .
P r e p a r a t i o n s  w i t h  h y p h a e  p r e s e n t  ( e . g .  P l a t e s  5 5 , 5 6 , 5 7 , 6 1 ,  6 5 ) show  
l i t t l e  d e t e r i o r a t i o n  o f  t h e  a c t u a l  v e s s e l s  s u g g e s t i n g  t h a t  t h e y  a r e  
u s e d  a s  p o r t a l s  o f  e n t r y  f r o m  w h i c h  t h e  h y p h a e  r a m i f y  t o  t h e  
s u r r o u n d i n g  c e l l s .  M e m b r a n e o u s  s t r u c t u r e s  c a n  b e  s e e n .  T h e y  w o u ld  b e  
f o r m e d  b y  d r y i n g  o f  m u c i l a g e  o r  c o u l d  b e  t y l o s e s .
T h e  f i b r e s  a n d  p a r e n c h y m a  c e l l s  Bhow  e v i d e n c e  o f  . o r e  h o l e  f o r m ­
a t i o n  -  p h o t o g r a p h s  4 6 , 4 7  3  jm  w id e  e n t r y  p o i n t s .
P l a t e  s h o w s  w h o r l e d  c l a m p s  w h ic h  a r e  c h a r a c t e r i s t i c  o f  a  f e w  
g e n e r a  i n c l u d i n g  S t e r e u m .  S t e r e u m  h i r s u t u m  w a s  f r e q u e n t l y  i s o l a t e d  
f r o m  p r u n i n g  w o u n d s  1 0  m o n t h s  o r  m o r e  o l d .  T h e r e  i s  p o s s i b l e  e t c h i n g  
o f  t h e  v e s s e l  w a l l  i n  p h o t o g r a p h  44 ( 2  -  4  jam w i d e )  T h i s  s o r t  o f
w a l l  l y s i s  i s  a t t r i b u t e d  t o  w h i t e  r o t  f u n g i  ( B r a v e r y  1 9 7 1 ) .  S t e r e u m  
h i r s u t u m  c a u s e s  a  w h i t e  r o t  o f  f e l l e d  a n d  w o r k e d  o a k  m a i n l y  i n  s a p w o o d  
a l t h o u g h  i t  c a n  p a s s  f r o m  d e a d  b r a n c h e s  o n  w h ic h  i t  i s  g r o w i n g  i n t o  t h e  
t r u n k ,  w h e r e  i t  c a u s e s  a  p i p e d  r o t  i n  t h e  h e a r t w o o d .  T h e  f u n g u s  h e r e  
s p r e a d s  m a i n l y  i n  c o n c e n t r i c  z o n e s  i n  w h i c h  a p p e a r  d a r k  b r o w n  o i l y  
l o o k i n g  s t r e a k s ,  v i s i b l e  a s  s p o t s  i n  t h e  c r o s s  s e c t i o n  ( C a r t w r i g h t  a n d  
F i n d l a y  1 9 5 8 ) .
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H y p h a e  a n d  s p o r e s  a r e  v i s i b l e  i n  t h i s  d a r k  s a p w o o d  c o n d i t i o n .
S om e o f  t h e  h y p h a e  h a v e  t h e  a p p e a r a n c e  o f  f l a t t e n e d  a n d  l y s e d  s k e l e t o n s ;  
w h i l e  o t h e r s  a r e  i n t a c t  a n d  a p p a r e n t l y  u n d a m a g e d .  T h e  r e a s o n  f o r  t h e s e  
v a r i o u s  f o r m s  i s  u n k n o w n  b u t  m a y  b e  d u e  t o  t h e  c o n d i t i o n  o f  t h e  h y p h a e  
p r i o r  t o  p r o c e s s i n g  o f  t h e  s p e c i m e n .
T h e  h y p h a e  i n  p h o t o g r a p h  48a r e  3 - 4  w i d e  a n d  t h e  s p o r e s  a p p r o x .
2  yjK x  T h e  m o r e  f r e q u e n t  i s o l a t e s  w h i c h  c o u l d  c o m e  i n t o  t h e
g r o u p  i n c l u d e  s p e c i e s  o f  P h i a l o p h o r a . C l i o m a s t i x .  C r a p h i u m . P a e c i l o m y c e s  
a n d  P fif lJL c j,U £ aB «
3 7 , 3 9
T h e  h y p h a e  i n  p h o t o g r a p h s /  a r e  a l s o  a p p r o x i m a t e l y  3 - 4  ju n - w id e  a n d  
a n n u l a r  e n c r u s t i n g  o b j e c t s ,  2 ju * v x  4  ju n ,  o a n  b e  s e e n .  T h e r e  m ay  h e  
b a c t e r i a  a d h e r i n g  t o  t h e  w a l l  o f  t h i s  v e s s e l  p l a t e  3 7  • S o m e d i v i d i n g
c e l l s  a r e  v i s i b l e  i n  t h e  t o p  l e f t  o f  t h e  p i c t u r e ,  t h e  o t h e r s  h a v e  a  m o r e  
c h a r a c t e r i s t i c  c o c o b a c i l l u s  s h a p e  ( l  -  2  j lu o ) .  S om e o f  t h e  a n n u l a r  
o b j e c t s  i n  p h o t o g r a p h  3 8  a r e  a  l i t t l e  s m a l l e r  t h a n  t h o s e  p r e v i o u s l y  
d e s c r i b e d  ( b e t w e e n  1 - 2  ymJ• I n  p h o t o g r a p h  4 9  t h e  c u t  e n d  o f  a  h y p h a  
h a s  t a k e n  o n  t h e  f l a t t e n e d  a p p e a r a n c e  p r e v i o u s l y  d e s o r i b e d  ,  t h e  r e s t  
o f  i t  a p p e a r s  f a i r l y  r i g i d  ( a p p r o x i m a t e l y  c p - n v w id e ) .  T h e  f l a t t e n e d  
s t r u c t u r e s  i n  t h e  p i t s  h a v e  a n  o r n a m e n t a l  w f l l  a n d  c o u l d  h e  f u n g a l  s p o r e s  
( 2 - 3  ^ 0 .  B a c t e r i a  a r e  a l s o  p r e s e n t .
I n  p h o t o g r a p h  6 3  t h e  s p o r e s  a r e  4  j u i ^ a n d  t h e  h y p h a e  2 ^ u » v w i d e .  
T h e  w h o r l e d  c l a m p  i s  1 0  w i d e ,  t h e  m y c e l iu m  5 .C j*»*and  t h e s e  d i m e n s i o n s  
a r e  w i t h i n  t h e  l i m i t s  g i v e n  b y  C a r t w r i g h t  *  F i n d l a y  ( 1 9 5 8 )  f o r  m y c e l iu m  
o f  S .  h i r s u t u m  i n  a t t a c k e d  w o o d .
P h o t o g r a p h s  5 0 ,  51 s h o w  t h e  s h e d  s k i n  o f  a n  i n s e c t  ( p r o b a b l y
C o l l e m b o l a )  a n d  a  p o s s i b l e  f a e c a l  p e l l e t  i n  t h e  w o o d  v e s s e l s .  T h e s e  
s t r e s s  t h e  i m p o r t a n c e  t h a t  i n s e c t s  m a y  p l a y  i n  i n f e c t i o n  a n d  p e n e t r a t i o n  
p r o c e s s e s .
- 1 1 4 -
H y p h a e  a r e  n o t  s o  p r e v a l e n t  i n  t h i s  s p e c i m e n .  P h o t o g r a p h  36 
s h o w s  t h e  v a r i o u s  s t a g e s  o f  a t t a c k  o n  t h e  b o r d e r e d  p i t s .  I n  so m e  
t h e  m e m b ra n e  h a s  c o m p l e t e l y  d i s a p p e a r e d ,  i n  o t h e r s  i t  i s  i n  t h e  p r o c e s s  
o f  d e t e r i o r a t i o n  w h i l e  i n  o t h e r s  i t  a p p e a r s  c o m p l e t e l y  i n  t a c t .
W h i t e  r o t  ( p o c k e t  r o t  i n  s a p w o o d ) .
T h e  s p e c i m e n  w a s  t a k e n  f r o m  t h e  w h i t e  p o c k e t  r o t  a r e a  a t  t h e  t o p  
l e f t  o f  p h o t o g r a p h  70
T h e  f i b r e s  a n d  p a r e n c h y m a  c e l l s  s h o w  b o r e  h o l e  p r o d u c t i o n .  
P h o t o g r a p h s  2 7 , 2 6  P l a t e  3 0  s h o w s  h y p h a e  w i t h  p o s s i b l e  c l a m p
c o n n e c t i o n  ( a p p r o x i m a t e l y  2  -  3 / n ^ v i d e ) .  G h o s t  h y p h a e  a n d  l y s e d
h y p h a e  w e r e  p l e n t i f u l .  P h o t o g r a p h  2 5  s h o w s  so m e  v e r y  n a r r o w  h y p h a e  
o f  t h e  o r d e r  ^ m f v a n d  b a c t e r i a  p r e s e n t .  T h e s e  h y p h a e  p r o b a b l y  b e l o n g  
t o  t h e  A o t i n o m y c e t a l e s .
C.aUuft -acsft .fork
H o a c t i v e  s i t e s  o f  d e t e r i o r a t i o n  o r  m i c r o b i a l  p r e s e n c e  w e r e  s e e n
w i t h  t h e s e  s p e c i m e n s .
F l e c k e d  s a p w c c d
T h e  s p e c i m e n  w a s  t a k e n  t o  t h e  l e f t  o f  t h e  a r e a  o f  h e a r t w o o d .  
H y p h a e  ( c .4 y u > ^ )  w e r e  s e e n  i n  t h e  v e s s e l s  p h o t o g r a p h  69 T h e y  w o u ld  
a p p e a r  t o  b e  a s s o c i a t e d  w i t h  m e m b r a n e o u s  m a t e r i a l  ( p o s s i b l y  t y l o s e s ) .
Heartwood region
Fractured sam ples from wound face after 28 months exposure 
White Pocket Rot - Sapwood
- 1 1 5 -
Plate 25 Thin hyphae and 
bacteria x 800
Plate 26 Bore-H oles x 1.6K
Plate 27 Fibres with possible  
bore holes v isib le, x 750
Plate 28 Hyphae with clamp 
connections, x 800
Plate 29 'Ghost hyphae1 x 3.97K Plate 30 Lysed hyphae. x 3.97K
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Plate 31 Hyphae in wood v esse l  
x 1 .58K
Plate 33 Oblique longitudinal 
section. Outgrowths on v esse l  
wall, x 148
Plate 32 Bordered pits 
x 1.6K
Plate 34 P its x l . 5 K
- 1 1 7 -
Heartwood sample
Plate 35 Layers of the cell 
wall, x 1. 64K
Plate 36 Bordered pits 
x 1.64K
-1 1 8 -
Dark sapwood discolouration
Plate 37 Hyphae in wood vesse l 
x 868
Plate 38 Mag x 868
Flate 39 Ghost Hyphae x l . 7 4 K Plate 40 Ghost Hyphae x 1. 74K
Plate 41 Wood v esse l x 174 Plate 42 V essel x 440
- 1 1 9 -
Plate 43 Hyphae in wood v esse l  
x 440
Plate 44 'Etching' x 773
Plate 45 Hyphae over thickening 
x 773
Plate 46 Medullary ray ce lls  
1.46K
Plate 47 Bore Holes x 1.46K Plate 48 Hyphae and spores
x 775
- 1 2 0 -
Plate 49 Hyphae x l . 5 5 K Plate 50 Insect shed skin 
(Collembola) x l . 5 5 K
Plate 51 Insect shed skin 
(Collembola) x l . 5 5 K
Plate 52 Insect faecal pellet ? 
x 397
- 1 2 1 -
Dark Sapwood discolouration
Plate 53 This photograph gives 
the orientation of the specim en.
Plate 54 Plug of hyphae. x 13U
Plate 55 Wood v esse ls  with 
hyphae x 93
Plate 56 Wood v esse l with hyphae 
oresent x 150
Plate 57 Hyphae in wood v esse l
x 340
Plate 58 Fractured surface x 80
- 1 2 2 -
Plate 59 Whorled clamp connection 
x 1.7K
Plate 60 Net of hyphae x 340
Plate 61 Tylose formation and 
hyphae x 420
Plate 62 Spores x 800
Plate 63 Spoi es and hyphae x 4K Plate 64 Hyphae + spores
x 1.6K
-1 2 3 -
Plate 65 Tylose formation x 400 Plate 66 Parenchyma cells  with 
spores present, x 1.36K
- 1 2 4 -
Fractured Specimens 
After 28 months exposure
White Rot
Plate 67 Fibres x 167
Sapwood with flecked discolouration
Plate 68 Medullary Ray Cells 
x 837
Plate 69 Hyphae in wood v esse l  
x 340
o l . G c p w t h ^ f  B a s i d i o m y c g t e s  w i i h , . , u n B t e E i l L a e .4  .S£Q.fl J& P .g & g .
C u l t u r e  b l o c k s  1 . 0  c m . s q u a r e  w e r e  I n o c u l a t e d  o n  t o  H a g e m 's  
m e d iu m . A n o t h e r  P e t r i  d i s h  b o t t o m  c o n t a i n i n g  a n  u n s t e r i l i s e d  w o o d  
b l o c k  w a s  t a p o d  t o  t h e  i n o o u l a t e d  i n v e r t e d  P e t r i  d i s h  b o t t o m .  T h e s e  
w e r e  i n c u b a t e d  a t  r o o m  t e m p e r a t u r e  ( 1 9  0 ) ,  i n  d u p l i c a t e  a n d  t h e  c o l o n y  
d i a m e t e r  (m m ), o f  t h e  c u l t u r e s  r e c o r d e d .
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S A M , 2 2 -
S t i m u l a t i o n  o f  g r o w t h  o f  B a s i d i o m y c e t e s  w i t h  
___________ ^ a t f i g i - U s e d L y r o p A  b lg c j s g _________________
C u l t u r e T in e  L a  ip s e  (
■ i 2 3 5 8 E f f e c t  o f  T r e a t m e n t ( A ) i n ? £ m ic 6 ^ ° X /B * V
A B A /B  /
L . T i ^ r i n i m 2 2
2 2
3 4
3 0
3 5
3 3
3 5
4 6
N . S . * 0 . 1 $ *  0 . 1 $
FPR L
1 4
1 0
1 4
1 2
1 4
1 2
1 4
1 2
* 0 . 1 $ N . S . N . S .
S . H i r s u t u m 3 6
3 1
3 9
3 3
8 5
5 8
8 5
8 5
N . S .
N . S .
* 1 . 0 $
* 1 . 0 $
N . S .
N . S .
P . S u l o h u r e u s 3 0
1 9
4 3
3 1
4 3
4 0
7 0
5 9
* 0 . 1 $ * 0 . 1 $ * 5 . 0 $
T h e  r e a d i n g s  a r e  t h e  m e a n  o f  tw o  v a l u e s .  T h e  s e c o n d  r o w  r e f e r s  t o  
c o l o n y  d i a m e t e r  ( i n  mm) w i t h  w o o d  b l o c k s  n o t  p r e s e n t .
I t  w o u ld  a p p e a r  t h a t  t h e  w o o d  b l o c k s  s t i m u l a t e  t h e  g r o w t h  o f  P . s u l p h u r e o a  
( s i g n i f i c a n t  a t  0 . 1 $  l e v e l ) ,  b u t  o n  t h e  o t h e r  h a n d  i n h i b i t  t h e  g r o w t h  o f  
P  d r v a d e u s  ( s i g n i f i c a n t  a t  0 . 1 $  l e v e l ) .  A l l  c u l t u r e s  s h o w  a  d i f f e r e n c e  
i n  d i a m e t e r  t h r o u g h  t i m e , a p a r t  f r o m  P . d r y a d e u s  w h i c h  i s  v e r y  s l o w  g r o w i n g .  
T h e  t r e a t m e n t / t i m e  i n t e r a c t i o n  i s  s i g n i f i c a n t , p * . 0 0 1 ,  f o r  L . t i  m i n i s  a n d  
f o r  P o l y p o r u s  s u l o h u r e u s  ( p = . 0 0 5 ) .
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«9£k * l2 £ ld n ? a *  B s p g r j ju g p f r g
( F l a s k s  a s  d e s c r i b e d  i n  M a t e r i a l s  St M e t h o d s ) .
A m e d iu m  c o n s i s t i n g  o f  5 0 g  m a l t  e x t r a c t  a n d  2 0  g  o f  a g a r  
t o  1  I t .  o f  d i B t i l l e d  w a t e r  w a s  p r e p a r e d  4 0  m l .  o f  t h i s  m e d iu m  w a s  
p o u r e d  i n t o  e a c h  f l a s k ,  w h i c h  w a s  t h e n p l u g g e d  w i t h  c o t t o n  w o o l  a n d  
s t e r i l i s e d  f o r  2 0  m in  a t  1 5  l b  p r e s s u r e .  A f t e r  s t e r i l i s a t i o n  t h e  
f l a s k s  w e r e  l a i d  a t  a n  a n g l e ,  l e f t  t o  s o l i d i f y  a n d  t h e n  i n o c u l a t e d  w i t h  
t h e  t e s t  f u n g u s .
B l o c k s  o f  o a k w o o d  s t e r i l i s e d  b y  h e a t i n g  1 0 0 - 1 0 5 ° C  f o r  
a b o u t  1 8  h o u r s  w e r e  t h e n  w e i g h e d  a s  a s e p t i o a l l y  a s  p o s s i b l e .  T h e  
b l o c k s  w e re  e x p o s e d  t o  f u n g a l  a t t  o k  b y  p l a c i n g  th e m  o v e r  t h e  c u l t u r e s  
i n  t h e  f l a s k s .  T h e s e  t e s t  b l o c k s  w e r e  l e f t  f o r  3  m o n t h s  a t  r o o m  
t e m p e r a t u r e ,  a n d  t h e n  c a r e f u l l y  f r e e d  f r o m  a n y  a d h e r i n g  m y c e l iu m  a n d  
e x a m i n e d  f o r  a n y  v i s i b l e  a l t e r a t i o n .  T h e  b l o c k s  w e r e  t h e n  d r i e d  a n d  r e ­
w e i g h e d  t o  e s t i m a t e  t h e  l o s s  i n  d r y  w e i g h t  b r o u g h t  a b o u t  b y  t h e  f u n g u s .
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IN IT IA L  AND F IN A L  WEIGHTS OF WOODBLOCKS AFTER 
INOCULATION WITH WOUND ISO LA TES
F i n a l  W e ig h t
L PlZ P .Q  M U S--ti.ryad^ug 7 . 1 8  (g m ) 6 . 9 3 b l a c k e n i n g  o f  
t h o  w o o d
|
U )  k a - U g & i f iH f t 1 0 . 1 7 9 . 6 8
T.», YkziAs. 8 . 0 3 8 . 0 2 g r e e n  s t a i n i n g  
o f  w o u n d
(A )  P . d r v a d e u s 9 . 5 9 9 . 2 9
(A )  E . s u l p h u r e u a 9 . 9 1 6 . 8 0 •
fft.W , „ C o j& 8 . 0 9 7 . 6 s t i m u l a t e d  g r o w t h  
a t  e d g i n g  b l o c k
8 . 7 7 6 . 1 r a p i d  c o l o n i s a t i o n  
o f  w o o d
( A )  S .  h i r a u t u m 8 . 7 8 8 . 3
(A )  H .W . C o r e 9 . 6 3 8 . 7 8
P . s u l p h u r o u s 8 . 9 1 6 . 8 d e e p e r  o r a n g e  
p i g m e n t  a t  s i d e s  
o f  w o o d
( a )  y j J I A f t 9 . 7 3 9 . 5 2 s t i m u l a t i o n  a t  
s i d e s .
L e n t i n u s  6 9
1
9 . 2 2 8 . 7
( a )  r e f e r s  t o  A r b r e x  t r e a t e d  b l o c k .
T h e s e  a r e  a v e r a g e  w e i g h t s  o f  tw o  r e a d i n g s .
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t e t m f f t i o n s  w q u p d  i g p l a t g g ,
I n o c u l a  o f  t h e  o r g a n i s m s  u n d e r  t e s t  w e r e  p l a t e d  o u t  a t  o p p o s i n g  s i d e s  
o f  a  p s t r l  d i s h  o n  5 #  m a l t  e x t r a c t .  T h e  p l a t e s  w e r e  s e t  u p  i n  
t r i p l i c a t e ,  i n c u b a t e d  a t  2 5 ° C  a n d  o b s e r v e d  d a i l y .  T h e  r e s u l t s  
a r e  t a b u l a t e d  b e l o w .  Mo i n d i c a t i o n  o f  t i m e  h a s  b s e n  g i v e n  b e c a u s e  o f  
t h e  g r e a t  v a r i a t i o n  i n  g r o w t h  r a t e s  o f  t h e  o r g a n i s m s  u s e d .  T h e  w o o d -  
d e c a y i n g  f u n g i  w e r e  i n o c u l a t e d  3  o r  4  d a y s  a h e a d  o f  t h e  o t h e r  
o r g a n i s m s ,  s o  t h e  l i n e  o f  c o n t a c t  w o u ld  b e  a p p r o x i m a t e  a t  t h e  c e n t r e  
o f  t h e  p l a t e .
T A M  ,2 4 . . , .
I n t e r a c t i o n s  b e t w e e n  w o u n d  i s o l a t e s .
*  «  s t i m u l a t i o n  o f  1 6 / 3  S  o f  g r o w t h  o v e r  s t r e a k
XX *  S t i m u l a t i o n  o f  LT
X *  S t i m u l a t i o n  o f  SH o v e r  s t r e a k
-129-
A . D o m in a n c e  o f  m o u l d / b a e t e r i a
B ,  D o m in a n c e  o f  d e o a y  f u n t ;u s  
AB m u t u a l  a n t a g o n i s m
+  m u t u a l  t o l e r a n c e  b e t w e e n  p a i r e d  f u n g i  a n d / o r  b a c t e r i a
T h e r e  w a s  c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  r e a c t i o n  b e t w e e n  t h e  
d i f f e r e n t  'm o u l d *  s t r a i n s  a n d  t h e  w o o d  d e c o m p o s i n g  f u n g i .  T h e  
i n i t i a l  r e a c t i o n  w a s  g e n e r a l l y  t h e  s a m e ,  a  s t r a i g h t e n i n g  o f  t h e  n o r m a l  
c u r v e d  g r o w t h  l i n e  o f  b o t h  c o l o n i e s  a s  t h e y  a p p r o a c h e d  e a c h  o t h e r .
A t e m p o r a r y  n a r r o w  z o n e  o f  m u t u a l  i n h i b i t i o n  w a s  f o r m e d  ( u s u a l l y )  
i n  a  s t r a i g h t  l i n e  b e t w e e n  t h e  tw o  c o l o n i e s .  T h i s  z o n e  p e r s i s t e d  f o r  
so m e  t i m e  d e p e n d i n g  o n  t h e  d e g r e e  o f  a n t a g o n i s m  e x h i b i t e d  b e t w e e n  t h e  
p a i r ,  b u t  s e l d o m  l a s t i n g  a  d a y  o r  tw o  o n e  o r  t h e  o t h e r  b r i d g i n g  t h e  g a p .
I n  m o s t  p a i r s  a  d e n s e  r a i s e d  n a r r o w  z o n e  o f  m y c e l iu m  d e v e l o p e d  a l o n g  
t h e  l i n e  o f  c o n t a c t ,  a f t e r  a c c o m p a n i e d  b y  a  d a r k e n i n g  o f  t h e  a g a r  b e n e a t h .  
S u b s e q u e n t l y  t h e  d o m i n a n t  m e m b e r  o f  t h e  p a i r  i n v a d e d  t h e  w e a k e r  c o l o n y ,  
w h i c h  c e a s e d  g r o w t h .  O c c a s i o n a l l y  a  s t a l e m a t e  r e s u l t e d  a n d  n e i t h e r  c o l o n y  
w a s  a b l e  t o  I n v a d e  t h e  o t h e r .
I t  w a s  i n t e r e s t i n g  t o  n o t e  t h i s  o u r i o u s  e f f e c t  w i t h  t h e  b a c t e r i a  
a n d  s o m e  o f  t h e  w o o d - d e c a y i n g  f u n g i  w h e r e  t h e  m y c e l i a l  g r o w t h  o f  t h e  
f u n g u s  s e e m e d  t o  b e c o m e  a e r i a l  o v e r  t h e  b a c t e r i a l  s t r e a k  a n d  t h i c k e r  
( s t i m u l a t e d  i n  t h e  t a b l e ) .  T h i s  w a s  p a r t i c u l a r l y  n o t i c e a b l e  w i t h  
P e n t i u m s  t l g r l n i s a n d  B a c i l l u s  a u b t i l i a  w h e n  t h e  h y p h a e  a p p e a r e d  t o  f a n  
o u t  t o w a r d s  t h e  s t e a k .  T h e  m o s t  o b v i o u s  a n t a g o n i s m  w a s  b e t w e e n  t h e  
m o u ld  f u n g u s  T r i c h o d e r m a  v i r l d e  a n d  S t e r e u m  h i r a u t u m .  t h e  z o n e  o f  
I n h i b i t i o n  a n d  m y c e l i a l  b u i l d u p  b e i n g  q u i t e  s h o r t .
a p p e a r e d  a n t a g o n i s t i c  t o  a l l  t h e  w o o d  d e c a y i n g  f u n g i  a n d  w a s  f a r  m o r e  
a g g r e s s i v e  i n  i t s  a c t i o n  t h a n  a n y  o f  t h e  o t h e r  f u n g i  t e s t e d .
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f l r a w r ih  o f  P i o n e e r  e l l a t e n  o n  w ood  n n r . t l n n a *
D i s c s  o f  o a k w o o d  4  o n  d i a m e t e r ,  2  mm t h i c k  w e r e  c u t  f r o m  a  b r a n c h
#
o f  a n  o a k  s a p l i n g .  S o m e  w e r e  o o a t e d  w i t h  a r b r e x  a n d  o t h e  i s  l e f t  u n ­
t r e a t e d .  B l o o k s  o f  i n o c u l u m  1  cm s q u a r e  w e r e  p l a c e d  o n  t h e  d i s c s  o n  
m o i s t e n e d  f i l t e r  p a p e r  i n  a  P e t r i  d i s h ,  i n o u b a t s d  a t  2 5 ° C  a n d  
o b s e r v e d  d a i l y .
TABLL 2 5
GROWTH OP PIO N EER  ISO L A T E S ON WOOD SEC .IO N S
C u l t u r e B a y s  o f  U n t r e a t e d  
I n c u b a t i o n
A r b r e x
9 / 7 8
P e n i o i l l i u m
• p .
L - r- r - . 4 - T l - , ---------------
4 H e a v y  g r o w t h  o f  P e n i c i l l i u m  
o n  b a r k  a n d  s a p w o o d .  d a r k  
e x u d a t e  o n  p a p e r  m e d u l l a r y  
r a y s  b l e a c h e d .
No d a r k  e x u d a t s .  
P e n i c i l l i u m  
s p o r i n g  o n  
s u r f a c e .
6 / 3 3
P u l l u l a r i a
s p .
4 H e a v y  g r o w t h  o f  P f i f i i s i U i M P  
a n d  Trlflhpfltnn o n  s a p w o o d .  
d a r k  e x u d a t s .
s p o r i n g  o n  
e d g s  +  o n  t h e  
a r b r e x .
4 /7 H
P h o m a s p .
4 C o l o n i s a t i o n  o f  s a p w o o d  +  
b r o w n  d i s c o l o r a t i o n .
! V .  J
N o e x u d a t e .  
T r ic h o d p r m A  
s p o r i n g  o n  
s u r f a c e .
T h i s  e x p e r i m e n t  s h o w e d  t h a t  t h e  p i o n e e r  o r g a n i s m s  w e r e  c a p a b l e  o f  
g r o w i n g  o n  a r b r e x .  T h e  w o o d  d i s c s  w e r e  u n s t e r i l i s e d  a n d  a f t e r  7  d a y s  
T r i o h o d e r m a  v i r i d e  w a s  p r e v a l e n t  o n  a l l  b l o c k s .
Q £ Q a.kv.90d S ^ t j ^ < ? . t iY ? 8 ,0 fl P y lf l& E J  C o l g y i j g e r g .
T h e  c o m p l e t e  f a c e s  w e r e  c u t  f r o m  W ound 5  ( A r b r e x  t r e a t e d )  a n d  
W ound 4  ( u n t r e a t e d )  a t  a p p r o x i m a t e l y  2 0  cm  d e p t h s ,  u s i n g  a  c h a i n s a w .  
T h e s e  w o u n d  f a c e s  h a d  b e e n  e x p o s e d  5  m o n t h s .  T h e  h e a r t w o o d  a n d  
s a p w o o d  o f  t h e  w o u n d  f a c e  w e r e  t r e a t e d  s e p a r a t e l y  a n d  1 0  g m . o f  
s a w d u s t  o f  e a c h  t y p e  w a s  s h a k e n  i n  a  o f  m l o f  a c e t o n e  a n d
e t h e r  f o r  20-30  m i n u t e s .  E x c e s s  s o l v e n t  w a s  r e m o v e d  u s i n g  a  r o t a r y  
f i l m  e v a p o r a t o r .  A w a t e r  s o l u b l e  e x t r a c t  w a s  a l s o  p r e p a r e d  a n d  
t e s t e d  ( K e n n e d y  1 9 5 6 ) .  T h e  e f f e c t s  o f  t h e  e t h e r ,  a c e t o n e  a n d  
w a t e r  e x t r a c t s  w e r e  t e s t e d  o n  t h e  f o l l o w i n g  b a c t e r i a  a n d  f u n g i  
w h ic h  r e p r e s e n t  t h e  p r i m a r y  c o l o n - s e r s  i n  t h e  w o u n d  s t u d y .
B o t r y t i s  s p .  RBP 3  
A u r e o b a s i d i u m  s p .  9 / 2 S  
C l a d o s p o r i u m  s p .  <RBP5 
P e n i c i l l i u m  s p  9 / 4 3  
B a c i l l u s  o e r e u s  v a r  m y c o i d e s  3 l / 3 4  
P h o m a s p  4 /7 H  
T r i c h o d e r m a  s p .  1 4 / 6 S
A l l  o r g a n i s m s  t e s t e d  w e r e  i s o l a t e d  f r o m  w o u n d s  i n  t h e  s u r v e y  
a n d  t h e  n u m b e r  g i v e n  i s  t h e  a c c e s s i o n  n u m b e r .
I n  b o t h  t h e  m e t h o d s  u s e d  t o  t e s t  t h e  i n h i b i t o r y  e x t r a c t s  i n  o a k ,  
t h e  f u n g a l  i s o l a t e s  w e r e  i n o c u l a t e d  a s  1 . 0  cm  c u b e s  o f  a g a r  c u l t u r e  
o n  t o  m a l t  e x t r a c t  a g a r ,  a n d  t h e  b a c t e r i a l  c u l t u r e s  w e r e  e m p l o y e d  a e  
d i l u t i o n s  i n  n o r m a l  s a l i n e  i n o c u l a t e d  a s  s p r e a d  p l a t e s  o n  n u t r i e n t  a g a r .
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( a )  W e l l  M e th o d
0 . 5  m l a l i q u o t s  o f  t h e  b a c t e r i a l  c u l t u r e s  s u s p e n d e d  i n  n o r m a l  
s a l i n e  w e r e  s p r e a d  o v e r  t h e  s u r f a c e  o f  a  n u t r i e n t  a g a r  p l a t e  u s i n g  
a  g l a s s  s p r e a d e r .  T h e  f u n g a l  c u l t u r e a w e r e  i n o c u l a t e d  c e n t r a l l y  
( i n o c u l u m  1 . 0  cm o u b e s  o f  a g a r  c u l t u r e )  o n  t o  m a l t  e x t r a c t  p l a t e s .
E a c h  t e s t  o r g a n i s m  w a s  s e t  u p  i n  d u p l i c a t e .  H o l e s  w e r e  p u n c h e d  i n  
t h e  a g a r  2 . 0  cm  f r o m  t h e  i n o c u l u m ,  w i t h  a  c o r k  b o r e r  a n d  d i f f e r e n t  
f l e c t i o n s  o f  t h e  e x t r a c t i o n  p i p e t t e d  i n t o  t h e  w e l l s .  T h e  p l a t e s  w e r e  
i n c u b a t e d  a t  2 5  ° C .
(fa )  g ftR .e r PAqc.g,
S t e r i l e  f i l t e r  p a p e r  d i s c s  b*  d i a m e t e r  w e r e  s o a k e d  i n  t h e  s a m e  
f r a c t i o n s  a s  u s e d  a b o v e  a n d  p l a c e d ,  a s s p t i c a l l y  o n  t h e  s e e d e d  m a l t  
e x t r a c t  a n d  n u t r i e n t  a g a r  p l a t e s .  A l l  p l a t e s  w e r e  s e t  u p  i n  d u p l i c a t e ,  
i n c u b a t e d  a t  2 5 ° C  a n d  o b s e r v e d  d a i l y  f o r  i n h i b i t i o n .
( c )  C o n t r o l s
M a l t  e x t r a c t  a n d  n u t r i e n t  a g a r  p l a t e s  i n o c u l a t e d  i n  t h e  s a m e  
w a y  a s  a b o v e  w e r e  i n o c u l a t e d  w i t h  a c e t o n e  e t h e r  a n d  w a t e r  i n  t h e
tw o  m e t h o d s  e m p l o y e d .
R e s u l t s
T h e  h e a r t w o o d  a c e t o n e  e x t r a c t  f r o m  w o u n d s  4  a n d  5  p r o v e d  t o  b e  
i n h i b i t o r y  t o w a r d s  B a c i l l u s  b p .  w h e r e  a  d e f i n i t e  z o n e  d e v o i d  o f  g r o w t h  
0 . 5  cm w i d e  w a s  o b s e r v e d  a r o u n d  t h e  w o I I b .  T h e  w e l l  m e t h o d  i n  a l l  
c a s e s  s h o w e d  c l e a r e r  z o n e s .  C l a d o s p o r l u m  s p .  a n d  A u r e o b a a i d i u a  s p .  
w e r e  i n h i b i t e d  b y  t h e  s a m e  e x t r a c t  b u t  t h e  i n h i b i t i o n  e f f e c t  c e a s e d  
b y  t h e  f o u r t h  d a y  o f  i n c u b a t i o n .
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E f f e c t  o f  1 #  t a n n i n  q q  t h e  g r o w t h  o f  b s B l d l o a y c e t e g __________
C u l t u r e s  w e r e  i n o c u l a t e d  ( i n o c u l u m  1 * 0  cm  s q u a r e )  o n  t o  5 #  m a l t  
e x t r a c t  a n d  5 #  m a l t  e x t r a c t  w i t h  I #  t a n n i n  a d d e d *  T h e  t a n n i n  
u s e d  w a s  B . P .  q u a l i t y .  T h e  r e s u l t s  a r e  a f t e r  8  d a y s
g r o w t h  a n d  t h e  a v e r a g e  o f  t h r e e  r e a d i n g s *
TABLE 2 6
GROWTH OF BASIDIOM YCETES OH A MEDIUM CONTAINING 1 #  TAHHIH
C u l t u r e 1 #  t a n n i n 5 #  K .X .  . R e m a r k s
3 . 0  cm  d a r k e n i n g  o f  
m y c e l i u m .
7 . 5  cm  n o  d a r k e n i n g
n o  g r o w t h 1 . 0  cm  n o  d a r k e n i n g
1 6 / 2 3 2 . 5  cm  d a r k e n i n g 6 . 5  cm  n o  d a r k e n i n g
1 7 / 3 3
c r e a m ,  b u f f  
o o l t o m y  
m y c e l i u m .  
D . a u e r c i n a
°s m
3 * 0  cm d a r k e n i n g  
o f  m e d iu m
4 . 5  cm n o  d a r k e n i n g
P .  s u l p h u r e u s 2 . 0  cm 4 .0 c m  n o  d a r k e n i n g
G r a p h lu m 5 . 0  cm w h o l e  p l a t e  c o v e r e d
T . v i r i d e 2 . 0  cm w h o l e  p l a t e  c o v e r e d
G r o w th  o f  a l l  t h e  c u l t u r e s  w a s  r e t a r d e d  b y  1 #  t a n n i n
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D ESC R IPT IO N  OF BASIDIOMYCETK ISO LA TES
TABLE 27
C u l t u r e  
A c c e s s i o n  N o . C o l o n v  A r m e a r a n c e
M i c r o s c o p i c
A n n e a r a ^ q e R e m a r k s
1 7 /2 H  ) 
1 1 / 7 3  )
f i r s t  w h i t e  t h e n  
y e l l o w  d e n s e  
f l a t t e n e d  o f f  t o p  
m y c e l iu m  m i n u t e  
p o r e s  v i s i b l e .
h y p h a e  4 - 6  urn 
i n  d i a m e t e r . e t e r i l e  
n o  c l a m p s  o r  
e h l a m y d o s p o r e s
o x i d a s e  +  v e
1 7 / 3 3
1 7 / l S
s o f t  c o t t o n  w o o l l y  
a p p e a r a n c e ,  w h i t e  
i t  f i r s t  t u r n i n g  t o  
f o l l o w
n o  c l a m p s  h y p h a e  
a p p r o x .  4  pm
d i a m e t e r .
■
S #XVi&9,sus 
o x i d a s e  +  v e
1 6 / 3 3
1 6 / 7 3
1 8 / 4 3
t i n g e  o f  y e l l o w  
b u f f ,  t o w e l  
a p p e a r a n c e
, m y c e l iu m  4  urn 
w i d e  c l a m p s  s p a r s e  
a n d  s i n g l e .
o x i d a s e  + v e
U i a n t a K  (a)
( c o l o n y  
a p p e a r a n c e  
m a t c h e s  t h a t  
f r o m  f r u i t  b o d y
w h i t e  h y a l i n e  
m a t
c l a m p s  s i m p l e  a n d  
m u l t i p l e  m yaeLlum  
6 urn w i d e .
%.«•, ■ v - ' i
.
o x i d a s e  +  v e
g . t e s s w t r a  U )  
12/43
w h i t e  a t  f i r s t ,  
l a t e  y e l l o w  
c i n n a m o n  t i n g e  
d e n s e  m a t , f l a n n e l  
p e a k s .
w h o r l e d  c l a m p s  
1 0  pm  w id e  h y p h a e  
6  urn w i d e .
o x i d a s e  +  r e
.
24/is p u r e  w h i t e  a t  f i r s t  
->  d a r k  b r o w n
h y p h a e  4  pm  i n  
d i a m e t e r  p a i r e d  
c l a m p  c o n n e c t i o n s
o x i d a s e  +  v e
19/25 y e l l o w i s h  t i n t s  i n  
l a t e  s t a g e s
w h o r l e d  c l a m p s  
m y c e l iu m  1 0  jo l 
w id e
+  v e  o x i d a s e
r  '
1_______ _______ ________
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j g m s i S P l
Successions of microorganisms following pruning on hardwood
trees have received very little attention and investigations have\
mainly been concerned with fungal colonisation on stumps, logs, 
logging slash and natural debris. In the present work data on the 
succession of microorganisms, occurring on the wound surface and 
subsurface, following pruning on mature oaks have been reported.
Preliminary experiments were made to determine whether or not the 
trees had a normal flora. This was done using a Pressler Inorement 
borer. Sapwood and heartwood were shown to be free of fungi but in 
two of the four trees sampled a species of Bacillus was isolated from 
the sapwood.
Branches were removed flush with the trunk. Skilling (1958) 
showed that it was necessary to prune close to the bole, even a 
branch stub resulted in delay of healing by 1 - 3 years. In no 
instances did the freshly exposed tissue of wounds used in the present 
work, show visible evidenoe of decay although it is possible that 
fungi with the potential to cause decay may<hare been present. Branches 
showing decay at the time of pruning were noted for further reference. 
(Tables 3 ft 4)« Decayed branches were not excluded from the sampling 
programme, since in normal circumstances such branches would frequently 
be removed. Many trees need to be pruned because they have dead unsafe 
branches. It is valuable to understand the succession on the resulting 
wounds as well as on wounds produced by removing healthy branches.
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The data are limited to succession appearing on mature oaks(ouercua 
robur). This work has not involved examination of the part which bark 
inhabiting organisms might play in the succession, but sapwood and 
heartwood, surface and sub surface organisms have been considered 
separately on both treated (Arbrex) and untreated wounds*
Wounds were made using a chainsaw, and a proportion of the wounds 
were treated with Arbrex as soon after wounding as possible. The 
maximum time lapse between cutting and the application of Arbrex was 
no mors than 2 minutes. The possibility of contamination by the chain­
saw cannot be discounted, but it is possible that the heat produced from 
the saw reduces contaminants. The affect of this method of pruning on 
the host tissues is not known,
Roth (1948) reported thatthe decay hazard in oak pruning wounds 
increases with wound width. The wounds used in the present study were 
approximately 8" diameter and therefore of a size that provided a need 
for the understanding of processes involved in the Initiation of decay 
through such wounds*
The decay of trees is a gradual process requiring a varying number 
of years for its completion* At any one time the microorganisms present 
or active depend, on a number of factors, the most important of which 
are the precise type and condition of the tissue exposed to attack, the 
exact stage of decay; availability of organisms, and the host response to 
wounding and subsequent invasion* Within limits each tree species has 
a characteristic succession of micro organisms invading its wounds and 
leading to decay; this flora may be modified by the environment in which 
the tree is growing*
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In the present work, a series of pioneer colonists can be 
recognised which must be assumed to have reached the wound as
airborne propagules, These were isolated within the first two weeks
after pruning and included several types of yeasts, Penicillium s p p .
spp,, c^adgspQ.clufl spp., iciPktttoiaa s p p*# fiftfcorttg sp. 
Enicoccum sp., Bacillus spp. and a range ofGram-negative rods. All
these organisms were shown to be present in the atmosphere and
appeared frequently on the plates exposed to air. Aureobasidium spp., 
and Penioillium spp. were the most frequently isolated fungi in the first 
month. Leaf washings taken from rhododendron bushes that were growing 
at wound height, close to the trees, yielded these two organisms almost 
exclusively, and must have provided a substantial source of inoculum.
These pioneer organisms were associated with both the heart­
wood and sapwood and were isolated from both surface and sub surface 
samples. After one month fungi were visibly sporulatlng on the wound 
surface and in some cases intense blueing and bleeding was noticed. 
Activity of insects, particularly wasps, swarming around wound exudates 
was observed.
Lavallee and Baird (l97l) working with sugar maple and yellow 
biroh trees found there was evidence of a succession or organisms in 
the colonisation of axe blazes, which was subsequent to the first dis­
colouration process and involved different organisms in the two hosts.
In general, decay fungi did not appear until after 21 months.
Cvstospora deciniena occurred exclusively in discoloured wood of sugar 
maple, while Phialophora spp. and Cephalosporium sp. dominated the 
discoloured wood of yellow birch. Bacteria were more frequent in 
yellow birch than in sugar maple.
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In the present work, successlonal changes followed the establishment 
of pioneer colonists and after two months species of Graphium and 
Phialoohora became more prevalent. The next organisms to appear in­
cluded species of Paecilomyces and representatives of the SohaeroPBldales 
and Mycelia Sterllia. Basidiomycetes (predominantly SAsHEM 
did not appear until the wound was 10 months old.
Certain of the secondary colonists e.g. Paecilomyces spp. was 
present for a limited period but others appeared active over long 
periods e.g. Triohoderma spp. From the data it would appear that 
Triohoderma spp. commonly preceded Basidiomyoete invasion, although 
inhibition experiments in the laboratory showed strong antagonism 
between these two groups.
Time was insufficient to follow the succession through to see which 
organisms replaced 3. hirsutum. Increment borings, taken 16 months 
after initial exposure of the wound tissues, yielded Penioillium s p p .  
and Trichoderaa spp. at the surface (0.5 - 2.0 cm) and gjfeceua frliCSMtaffl
deeper (2.0 cm - 5.5 cm) in the tissues.
3. hirsutum is mainly responsible for white rot (in the sapwood) 
of felled and worked oak. It is widely distributed on dead branches 
of various hardwood species, such as oak, but is capable of infecting 
healthy tissues through these dead branches. (Cartwright and Findlay 1958). 
After two years exposure, the tissues to a depth of approximately 2.0 cm 
from the wound face can probably be considered as physiologically dead. 
They became rather corky and porous after 4 months exposure.
Bacteria were cultured frequently from all ages and types of wounds.
The bacteria isolated in the preliminary experiments, suggesting a 
"normal flora", being present may have entered through minute wounds
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oaused when leaves are shed; that healed rapidly and were not 
detectable, when the Isolations were mads* Insect borings say also 
provide a means of passive invasion for bacteria* Greaves (1969) 
pointed out that even when the bacterial cells are non-mot Lie they 
can still theoretically move through the wood by their rapid division 
and redivision* Many groups of bacteria possessing flagella are able 
to propel themselves with a movement that ie far more rapid than that 
achieved by wocd - destroying fungi* Water movements at the wound 
face e*g* partial drying and resetting of the wood vessels will also 
assist in bacterial movement throughout the wood*
Basham and Taylor (1965) found bacteria in normal and discoloured 
heartwood of second growth sugar maple* Bacterial attack and deter­
ioration of pine logs in pond storage have been described by Ellwood 
and Eoklund (1959) Enuth and McCoy (1962) and Banks (1970, 1973)*
Shigo et al (1970) found bacteria in discoloured and decayed tissues 
of beeoh, birch, and maple trees* Their results correspond with those 
in this study, where Bacillus spp* and Pseudomonas spp. were the 
commonest of the isolates examined* Members of the family 
Enterobacteriaoeae. yellow pigmented gram-negative rods, ooryneforms 
accounted for the remainder of the isolates* Shigo later reported 
Clostridium sp isolated in addition to facultative anaerobic bacteria, 
from oak trees* (Shigo et al 1971)• Stankewich et al (l97l) also 
reported the occurrence of an obligate anaerobe (Clostridium sp.) 
from discoloured tissues in living oaks* Ward (1972) described Bacillus 
aereus. a facultative anaerobe and £gnA&Uliam T & r \o t±  as frequent 
isolates from the heartwood of Ouerous rubrs and uercus velutina.
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Recently attention has increasingly been paid to the part baotsria nay 
play in the decay prooessea, Bacillus oereus was the species isolated 
most frequently from both heartwood and sapwood sites in the present 
work,
A number of workers studying different types of wounds on 
different tree species have supported the idea that bacteria and non- 
Hymenomycetes precede Hymenomycetes, in the colonisation of freshly 
exposed tissue. Shigo (1972) dissected trucks and roots of mature 
red oaks (Quercua rubra) and white oaks (Qtercus alba) to determine 
the patterns of discoloured and decayed wood associated with 22 year old 
basal fire wounds and mechanical wounds inflicted during subsequent 
salvage operations. The principal non-hymenomyoetous fungi isolated 
from the discoloured tissue was PaeoilomvceB varioti. From the wood 
which remained discoloured after drying species of fungi that hadA*
phialides were isolated most commonly. From the advanced deoay, fungi 
in the genera Triohoderma. Hucor, and Mortierella were commonest.
Other than Fomes aoolanatus. the hymenomyoetous fungi were not identified,
Shigo (1965a) demonstrated a succession of organisms with red maple 
similar to that found in the present study. Bacteria again were the firBt 
organisms to colonise wounds, and non-hymenomycetors fungi followed 
soon after. The principal pioneer fungi were Phialophora spp.,
Tri choc lad ium canadense. Hv p o x vIoo spp., and ,CjrlS.ftE9Xfl The
bacteria and some of the pioneer fungi isolated from the discoloured 
tissues surrounding decay columns inhibited the growth of Hymenomycetes 
isolated from the decay columns in culture (Shigo 1966), These studies 
and others by Shigo (1963, 1964b, 1965a, 1965b) revealed the pattern 
of discolouration and deoay in living trees and illustrate successions 
of organisms.
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Good St Nelson (1962) conclude that a number of fungi are found 
associated with Fomes i^rnariua in decay of poplar* The wood into which
F.jgnariua grew had in most cases already been colonised and the 
primary colonisers included a number of fungi usually thought of as 
saprophytes rather than as initial invaders of living woody tissue*
It was concluded that F.ignariufl was not likely to be a primary invader 
of the wood and there was some indication that pre conditioning of the 
wood or provision of some stimulus to germination might be necessary 
for successful infection* The data presented suggest that both pre­
conditioning and competitive effects by associated fungi are involved 
in decay caused bv F. ignarius but the complexity of the biological
Icommunity encountered has prevented more specific conclusions*
A number of the findings reported in the available literature and 
quoted above are comparable to those of the present study. The 
organisms involved and the time lapse are different, and the species 
of tree and types of wound studied are diverse but the results can be 
considered to be similar in that bacteria and non-Hymenomycetes are the 
first organisms to invade and oolonise the wood, later followed by 
hymenomycetous fungi.
Successions of fungi on debarked timber or timber in contact with 
the soil have been studied by Corbett St Levy (l963)» They outlined the 
following general pattern of colonisation on untreated pine postst 
Monili&les Gp.I (Penicillium spp*, Trtghqflqrfla ylridfit BfitofUg. op*); 
Sphaeropsidales (soft-rot fungi); MonilialeB Gp.II (Gliocladiopsis sp., 
Cylindrocarpon sp., Memnomiella sp.); Basidiomycetes sp
and unidentified sp). Kaarik (1967) who described the flora of un­
treated pine and spruce posts after exposure for 6 months, encountered 
a diversity of fungal species in the early stages of colonisation.
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Henningson (1967) has shown that unpeeled biroh pulpwood during 
storage is invaded by a number of different microorganisms. Fungi 
with a minor wood-destroying capacity were found early in the wood, 
but later disappeared being unable to compete with more vigorous wood- 
destroyers. Butcher (1968) found that the succession of fungi in 
untreated stakes, differed in above ground, ground line and below 
ground zones. The differences could be related to ohanges in moisture 
content and source of infection. Slight changes of pH were of no 
significance. Above ground the succession was found to be from 
primary moulds to blue-stain fungi. At ground level and below it was 
from primary moulds to soft-rot fungi to secondary moulds and primary 
Basidiomyoetes (white rot fungi). The pattern of succession at ground 
level was completed after 3 - 4  months exposure but below ground it 
was much slower. Butcher also compared the succession in stakes treated 
with copper chrome arsenate (CCA) and found that there were similar 
zones but fewer fungi involved. Greaves (1972) studied the microbial 
ecology of CCA treated and untreated Pinus radiata and jjfagftlyptW? 
regnans sapwood stakes exposed for a total of 2^  years! (the work is 
still continuing). Soft-rot occurred in the outer layers of both 
speoies after only 1 month. Treatment with CCA prevented the early 
attack of pine but' was not so effective in the Eucalypt. For the first 
two months Penicillium spp. were the predominate members of the 
population, Trichoderma viride. Paecilomyces sp. and were
also frequently isolated. At 4 months the more active soft-rotters were 
isolated e.g. Chaetomium globosum^ and Humicola grisea together with 
Fusarium spp. and Phycomycetes. Bacteria colonised the stakes at an 
early stage. This presents a picture very similar to that found in 
the present study. The effect of CCA may be comparable to the resistance 
exerted by the newly exposed tissues of the living tree.
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A study of the general ecology of micro organisms associated with 
wood, their interactions, associations and succession depends primarily 
on a reliable method of isolating and Identifying all the micro­
organisms present. In this study it was necessary to use techniques 
whereby the same tree wounds could be ©aapled for several consecutive 
months so that the progressive colonisation by organisms from the time 
of their appearance to their establishment inside the tree could be 
followed. The serrated disc used in surface sampling was originated by 
Okigbo, modified by Asmah and used in the field by Banerjee. Butcher
(1970) devised the punch used in obtaining sub-surface samples. Both 
instrumentswere easy to use and seemed efficient. Depth samples taken 
using the punch, at zero time showed no organisms present apart from 
Bacillus sp. A noticeable factor in the initial sampling of the sub­
surface was a zone of discolouration (brown) spreading from the wood 
chip on agar media, suggest a high concentration of tannins or related 
substances (flarek 1968). This discolouration was often associated with 
an absence of organisms in the first 10 days after wounding.
The wounds were sampled more frequently in the initial stages than 
subsequently because it was assumed that changes would occur more rapidly 
at first. As the woupd aged, it was expected that the microbial flora 
would become more stable.
Identification of the large numbers of isolates from each sampling 
presented a considerable problem. In the initial stages although there 
were more organisms to identify, many of these were familiar 
saprophytes whereas later in the sampling plan a greater proportion of 
less familiar organisms were isolated. However the problem eased as
- 1 4 4 -
cultures become more easily recognisable and the sampling plan 
allowed sufficient time between samplings for culturing and 
identification of difficult species* Even so it was possible to 
identify only to genera in the majority of isolates. The 
identification of Basidiomycetes in culture would appear to be an 
area in this type of study that needs particular attention. The 
keys of Nobles (1948, 1965), require considerable practice on the 
part of the user to be used to advantage, and even then are of limited 
value. Kaarik (1965) reported on the identification of mycelia of wood- 
dec&y fungi by their oxidation reactions with p h e n o l i c compounds. There 
may well be a place for biochemical tests as used in bacteriology in 
the identification of these fungi which produce no readily reoognis&bls 
morphological cultural characters, in culture, on agar media, Sharma
(l97l) found suoh tests of value in a taxonomic study of the genus 
Fusarium.
Undue emphasis cannot be placed on the relative frequencies of 
occurrence of individual fungi since this may be more a measure of ease 
of isolation than of actual abundance. In addition, it ie not possible 
to tell whether a fungus isolated is in a physiologically active stats 
within the wood or quiescent and therefore a particular organism may 
be assigned more importance than is warranted.
/
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In the early stages of colonisation of the wounds intense 
competition in the infection courts probably occurred amongst the initial 
invaders, Stereum hirsutum was not isolated until the wound had aged 
ten months, subsequently it was repeatedly isolated from a number of 
woundB, It did not occur as frequently in the surface samples as 
in the sub-surface. It may have been inhibited on plate cultures or 
oooluded by faster growing fungi producing abundant mycelium, 
particularly in isolations from surfaoe samples. The spaoe factor alone 
may play an important part in the colonisation of the wounds, Sporing 
fungi became evident on the wound faoe a short time after intial 
exposure.
Why basidiomyoetes were not Isolated until the wounds were 10
\  4
months old is not known. The available inoculum for such fungi is 
probably abundant during most of the year. In the present work 
S, hirsutum spores did.mot germinate on fresh oak tissues, but did on 
older wound tissue (germination rate of 79$ after 2 weeks). The results 
suggest that pioneer organisms predispose the wood to infection by 
S. hirsutum. Braun (i960) reported that oertain wounds were protected 
from Fomea aflgoaua by resin flow and by baoteria and non hymenomycetous 
fungi. High concentrations of tannins and phenols may retard the 
primary invasion of S. hirsutum but subsequent detoxification by other 
organisms may open the way for the later colonisations which were noted 
in this work.
The studies of Brooks and Moore (1926) have given much 
information about Stereum spp,, especially S. purpureum. In these 
studies it was shown that S. purpureum successfully invaded freshly 
exposed tissues. If tissues were exposed to air for long periods
other organisms invaded first. The other fungi were thought to 
alter the nutritive condition of the wood sufficiently to predude 
S.purpureum. These results suggest again that the p io n e e r  
organisms often determine the successional pattern. Similarly,
Fomes annoaus is a pioneer that requires a freshly cut stump surface 
for successful invasion (Rishbeth 1950).
Good * Spanis (1958) recorded that while spores of Fomes ignarius 
germinate poorly on water agar and only moderately well in a 
solution of glucose and maltose, they germinate well on malt extract 
agar and old wound surfaces. They stated that the dearest change 
in the nature of the wound surface is the rather rapid drop in pH 
from 6.0 to finally 4.5 or 5.0. They suggest that the wound 
saprophytes may be responsible for this change. Therefore unlike 
fungi such as Fomes annosus and Stereum purpursum which are said to 
require a fresh substrate for infection, it would seem that F.ignarius 
requires a substrate that has been previously colonised and modified 
by other organisms. This would also appear to be true of Stereum 
hirsutum on Querous robur pruning wounds.
There have been relatively few initial studies of infection - 
court phenomena. It seems probable from the results of the present 
work that the two main factors which control infection by 
hymenomycetous fungi through pruning wounds are the normally 
extractives of the wood and the microflora of the infection court. As 
the wound ages theBe criteria become modified and allow colonisation 
by hymenomycetouB fungi.
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Nelther graphical representation nor principal component 
analysis has shown any significant difference betwsen the organisms 
to be found on the sapwood and heartwood of Spring and Winter cut wounds. 
Any influence that the heartwood might have, was possibly disguised, 
at least during the early stages, by sap spilling over from the sap- 
wood area, encouraging the growth of sugar fungi.
Certain physiological processes begin in cells following injury 
prior to invasion by organisms. In many plants the cellular phenols 
are oxidised and subsequently polymerysed to polyphenols. Some 
of these materials are thought to have a protective effect. (Frank 
1895, Sycha 1948, Jorgensen 1962). BtLsgen and Mtinch (l93l) con­
sidered this when they discussed 'protective heartwood*. Hart and 
Hillis (1972) reported on the fungistatic properties of ellagitannins 
from the heartwood of Ouercus alba, present in the aqueous acetone 
extract, that caused inhibition of wood-rotting fungi. Shrimpton(l973) 
discussed the composition of extraotive substances in the sapwood of 
oaks, following wounding, and said that it may be similar to that of 
heartwood. Because of this similarity, sapwood that has responded to 
wounding in this way has been termed, 'pathological* or 'protection' 
heartwood. (Jorgensen 1962).
There would appear to be a difference between organisms 
colonising treated and untreated wounds. Verrall (1949) described 
materials which were toxic to many fungi but stimulated the growth of 
others. The application of these materials may eliminate the 
organisms, that would normally first invade untreated wood. By thus 
favouring different primary invaders these materials may also alter 
successions very significantly. It appears from the basic data that 
there is a difference between the secondary colonisers of treated and
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untreated wounds; but that the initial colonisers Peniclllium spp: 
and Basidiomyoetes in the final stage, are similar.
Large pruning wounds should be protected against fungal or 
bacterial infection. An ideal protective eoating should combine 
persistent fungicidal and bactericidal action, with its protective 
properties. Effective wound dressings are essential where large 
limbs have been removed from trees of high individual value as in the 
present work.
One of the most important criteria of a good wound dressing is 
that it gives a good lasting oover. Coal tar has long been used as 
a wound protectant but ia not easy to apply cold, and tends to crack 
with ago (Peace 1962), It has little or no fungicidal action. The 
volatile creosotes are too phytotoxic for use near cambium and gives 
no permanent covering even though they may be highly fungicidal, A 
considerable number of bituminous substances are available; the less 
volatile of which are sometimes called asphalts. These vary greatly 
in ease of application, durability and phytotoxicity, A number of 
proprietary protectants, produoed especially for tree-wound treatment, 
are now on the market, Arbrex is a bitumastic emulsion containing 
a copper chelate fungicide and is widely used in commercial 
arboriculture. It is easy to apply, although its consistency varies 
with temperature, and it is necessary to re-coat after one growing 
season.
In the present work, wounds treated with Arbrex were found to 
callus better than untreated wounds. In treated wounds, made in March, 
healing occurred round the whole circumference. Wounds made in March
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whether treated or untreated healed better than those made in 
December. Protection from desiccation may well be an important 
factor contributing to this difference. Drying out of the wound 
face was evident on the untreated wounds a short tins after initial 
exposure.
Wound protectants such as Arbrex ean be effective as fungal 
barriers only if the tissues underlying the coating are completely 
sterile. The application of a dressing such as Arbrex creates an 
entirely different situation to that found on an untreated surface.
The humidity of a treated wound will be higher and anaerobic 
conditions are likely to be produced. An Arbrex coating will absorb 
and lose heat more rapidly than an untreated wound face* The 
organisms capable of inhabiting suoh an environment will therefore 
be different to those colonising an untreated surface, which will bs 
modified not only by incoming organisms but also by the oonstantly 
changing external climatic conditions. Assuming, the Arbrex barrier 
is a complete covering the micro climate will be vastly different to 
that in an untreated wound face.
Arbreat may present an effective fungal barrier but may not prevent 
insect penetration of the wounds, an occurrence which facilitates entry 
of microorganisms. However, there is no direct evidence presented 
from this work to show that this is the case, although evidence ofi
insect activity was seen in the Stereoscan work. This suggests that 
insects may play a more important part in the infection process than 
is apparent from this study.
The drying out of untreated tissues created avenues and possible 
points of entry for airborne fungi and insects carrying fungal spores. 
It is advantageous for the spores of fungi to be taken into the vessels
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for not only are the delicate germ tubes protected from periods 
of desiccation to which they may be subjected at the surface, but
they also have the advantage of already being in the vessels which
are the main channels for invasion. (Brooks and Moore 1923).
Use of the Stereoscan in the present study has shown that the 
vessels of oak provide a common penetration path for the fungus, be
it soft rot, brown rot or white rot. Bravery (l97l) recorded the patterns
of attack for the three groups of rots as very much alike, with passive 
penetration via the pits taking place until myoelial build-up in the 
wood has reached such proportions that all stored products and all 
possible sources of nutrients have been utilised* He described 
observations on the enzymic dissolution of the cell walls of beech, 
birch and Scots pine sapwood during attack by the fungi Coniophora 
cerebella (brown rot), Pgagfl&gS.ttg YigfiteglfflC (white rot) and 
Chaetomium globosum (soft rot). Sachs et al (1970) working on oaks 
described how Ceratocyetis invades the xylem vessels of the
outer sapwood in oaks. Hyphae then penetrate into the adjacent xylem 
parenchyma through the pits. Lysis of the cell wall progresses from 
the lumen outward and both cellulose and lignin are affected by hyphal 
penetration of the oell wall leading to the formation of cavities of 
varying size, shape and direction. Electron dense material forms 
within the invaded and adjacent parenchyma cells. It is also likely 
that as vessels in the woo d tissues become more packed with hyphae, 
gums and resins, the oxygen tension will fall. In this study Clostridium 
sp. and some facultative anaerobic bacilli were isolated on a number of 
occasions. Basidiomycetes may be excluded in the initial colonising 
flora because of low oxygen tension. Alternatively they may be
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stinulated by high concentrations of carbon dioxide. (Merrill 1970). 
Plate 34 shows vessels almost full of mycelium. Arthropods 
feeding on such hyphae and their contents would alter existing 
gaseous levels in the tissues.
It is clear from this work and from the literature that fungi
and bacteria play a major rBle in nutrient and energy cycling, not
but also on
only on exposed (damaged) tissues of standing trees,/timber, pulpwood 
and worked wood. Field identification of fungi is possible only 
for those which produce macroscopic fruiting bodies and even then there 
is a limit to the conclusions which can be reached about their ecological 
activities.Thorough study of fungi associated with wood deoay must 
therefore combine direct observation with isolation and every effort 
made to distinguish those fungi which are present as aotive mycelia 
from those present as dormant spores or inactive mycelia.
The microorganisms isolated have their own eoological niche and 
are subject to Interaction and competition by other organisms. Also 
their development is controlled by the condition of the host. The 
pioneer organisms alter their host substrate so that both their own 
environment and that of incoming organisms is changed.
Fungi present to the substrate a very large surface area compared 
with their volume and their hyphal structure endows them with the 
additional property of spreading and penetrating. This is a feature 
of great ecological importance whioh is not often appreciated (Garrett
1963).
The combination of hyphal structure with the production of 
external eniymes allows them to penetrate deep into the substrate on 
which they develop. This is important in wood where the oell 
contents which may contain essential nutrients are enclosed in 
resistant walls. By contrast, bacteria tend to be restricted to 
surfaces and to be more important where material has been mechanically 
disrupted and its available surface area increased, (Harley 1971).
There are several different kinds of hyphal structure and these 
differ in their ecological importance. For inetanoe they may be 
ephemeral, growing rapidly and soon undergoing lysis or they may be 
long-lived and perennial. Many of the aseptate coenooytio mycelia of the 
Phyoomycetes are ephemeral whereas the Basidiomyoetes in particular 
have hyphae which onoe established survive for long periods.
Ephemeral hyphae of Phyoomycetes tend rapidly to exploit transient 
substrates. Such fungi are less able to utilise resistant carbon 
compounds but flourish in situations where soluble compounds are 
available. Generally asexual spores of these fungi are produced in 
abundance and are ubiquitous whereas their mycelia are only 
sporadically active and are not always evident, Ifee pioneer organisms 
appearing on the freshly cut wound belong to this group of fungi.
Other fungi, particularly the septate Ascomvcetea. Basidiomyoetes 
and Fungi Imperfect! have hyphae that are potentially long-lived. The 
septate fungi vary in their ability to utilise different nutrients but 
a number with long lived mycelia are capable of utilising cellulose 
and lignin. This group is well represented amongst the organisms 
following the pioneer colonists.
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Man-aade mechanical wounds and naturally formed branch stubs
are the most common Infection courts that expose wood in living trees*
These exposed tissues are primarily affected by environmental factors
such as moisture and air; then they may be infected by pioneer
organisms* Discolourations initiated by exposure to the atmosphere
may occur* The invasion of organisms through such altered tissues
may either enhance or accelerate the discolouration and decay processes*
To complete invasion an organism must successfully compete with all
others in the infection court, and in the case of the living tree,
overcome any barriers such as tyloses, tannins, phenols, abscission
layers that may be produced in response to wounding and invasion*
Through an understanding of the successions of organisms following
injury the process may be regulated to achieve biological or ohemioal
#control by the improvement of arbortcultural practice*
Vithin the experimental limits of the techniques, employed, a 
basic picture of the succession of microorganisms of pruning wounds 
on mature oaks has been presented* Methods of isolation include 
the use of media which were formulated to promote rapid growth and 
ready sporulation but may not be adequate in the early stages when a 
diverse population is present* The techniques of isolation and culture 
exert their own selective forces (stimulation or inhibition) on the 
isolation frequency of the various species* With these limitations 
borne in mind, the results support the i ea that non-hyraenomyoetous 
fungi and bacteria, precede Hymenomycetes in the colonisation of 
pruning wounds on oaks*
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Principal components analysis of the basic data proved of value 
and showed some interesting differences between the chosen separate 
treatments \diich were looked at in greater detail. Some of the 
information revealed by the use of this multivariate analysis were not 
obvious from inspection of the basic data. Wider use of such 
statistical methods may give a better understanding of the data from 
ecological studies than is apparent from graphical methods and 
observation.
The Stereoscan also proved its unique value in helping to 
understand a situation of this kind. Direct observation of micro­
organisms in situ is a valuable complement to cultural methods.
Isolations from the wound face and microscopic examination of the tissues 
demonstrate the presence of bacteria, soft rot, brown rot and white 
rot fungi, and their effects on the tissue.
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URTREATED WHITER SURFACE HEARTWOOD
ICTINOHYCETES
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;<
Species
£
r>\
I
ft
rV \
\
ftr-l
31^r\
ft'
\r>
\
ft
n -
5-0t
.1 .
r>
+\
.3
ftio
\
rV-
cr
*
ft0
ft
\
ft
\
ft
‘ d
. SNO\
$
n o>
aft?i
£
j .
fti- oi
ft
.3
ir»fV
~ r '
AOTIHOMYCEEES
direptornyces sp* - - Mft mm - — - m m - - - —- — - m m
uhideniiried sp. — - m m - — - - - - — — - —- -
rTOJOHTOHEES
Absidia sp. - —- m m - - - - —- — - mm —- -
HScor sp. 2 —- — — - — — - — —- —-
Floralerella sp. —- ~ - - - - —- — —- —- -
ffi& S G B E E g
l&odoiorula sp. 2 ——— —— - 4 —- - - ———
dandida sp. 27 - —- - - - — —b - - - - - -Teases (unident) 4 ——— b b - 2 4 - - —- —4 4
JTJNGI IMPEEPBCKI 1
Hoiryfcis sp. 2 ——— - 4 - — ——— ——-
datenularia sp. ———— —- m m — ——— —- - —-
depkalosporium sp. ———— —— —— ——— . —————
dephalosporiopsio sp. m m - — - — —— ——— - —- ——
dhalara sp. - - - - - —— - - - mm - ——-
Lffaalaropsis sp. ———— —— —— ——— —————
dilocladiumsp • — mm —— —— - — ——— —————
diiomastiac sp. ———— —mm —— ——— —————
&rapliium sp. ———— —— - — ——— -— —- ——
Ilenlspora sp. ———— —— —— mam - — - —- —-
Hetarrliisun op. ——- — —— —— ——— —————
Ifcrbtiieciuri op. ——- — —- - — - —— ——- - —
Oidlun sp. - - - - - - - - - - - - - - —-
Paecilorayces sp. ———— —— —— —4 — —————
I^eniciiliuD spp. 
liualophora sp.
2 4 —— —5 5 4 b 4 4 4 6 6 4 6
iriclibaexTia op. —5 —— - — — — - — — ——- — —Verticilliurn op. ———— «n» — —m m ——— —————
m r m r tm r m ’
Mtexnayla sp. - mm - - - m m - - - - — - - - ——
Aureobasidium op. - —4 3 - 5 4 — 4 6 6 6 —- —6
dadosporium sp. - ——— —— M- SMS—— ———4 —
^icoccuin sp. - —- - - - - - - - — - - - - -
Roariua app. 
T & & n W ! P s im iE s
———— —— —— ——— |—————
Diplodia sp. - - - — —- - - - m m - - - - - 4
doniotfoyrium op. ———— —— —— - —— - ————
Itacrophoma sp. - - - - —4 -» - - - - - - - - -
HUHaa cp# 
TSomopsis sp.
snifflSxfecsiaA
- - - - - - - - - - - - - -
\#iit© cols* 
Dark cols. 
EASIDIOOTCCTES
mm - - - - • - - - -
3
/
- -
Kierdum op. vl) ——— —— —— 3 - 4 4 ———4
Unidentified 26 
BACTERIA
- - - - mm - - - - - -i - 4 4
SaciiluB sp. - - —— 4 4 m m - - —4 ——- 4 4
'dlostrldiun sp. - ——— —— —— ——— ————4
o o 8 o o 3 • - ——— —- —— - —— ——- —-
Pseudomonas sp. - — —— —— —— - —— ——- —4
Gram-negotive rods. 3t1 1
lJ
L2- 4 4 4
.
4
J*J .Ai
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WINTER TREATED SURFACE SAPWOOD
f
Time
Species
ft
7oft
r»
ft
i
ft
fti
n )
£r»
1
\
fttM
jrr,
\
ftH-
ft^2r\
jft
i/i
jft
\
ft
IL
/Q
/ 
- /ty’t
ft
\
ft.o
3rJ
ft
'
W
-z
m fti
rcs)ft-
a
trv»ft
ft
rJrr
fftt
%
5
\<nJfV'
- A
s  ■ 0
ACTIROriXCETES ;
.
Streptomycea sp . - - 3 - - 4 - - - m - mm 3 - -
ttriidentlxied sp . - - - - - - - - mm - - - - - -
Absidia sp . - - - - — - - - mm - - - — - -
p ic  or' sp . 
t lo r t ie r e lla  sp .
2
- - - - ■» ft— - - - - - L mm -
Kbo&oioruTa sp . 3 —3 3 ~ |— - — —- — — - — mm -
Candida sp . - - - - - - - - - - - - -
le a s ts  (u n id en t). 
FUNGI IRPERFECTI
2 — 3 4 —— —4 mm — 4 4 ———
p otrrb ls sp . - - - 3 - - - - - - — - - —- -
Jatenularia ap. - - - — - - - — —- — —- —- -
Cephalosporium sp . - - 3 3 - - - - - - — -— - - - -
bepbalosporiopsis sp . - —- — - - - — — - - —- - - -
Chaiara sp . - —- - - - - - - - — - - —- -
3b!aTHropslo sp . ———- —— - — —- — —- ——-
Gliociadiuzn sp . —— mm - - mm - —- — —- —- -
Gliomas tlac sp . —— — - - - — —- — —- ——-
GrapMuin sp . —— 3 3 3 - - «—. at—- — —- ——-  ;
MonlSapora sp . - €M» - - —- —- —- - —- ——MW
KeiarrKizum sp . —- - - - - — —- - —- - —-  ,
Kyroilieciun sp . ———— —- mm — —- — —- ——-
Oidium sp . —- - - —- - -  ' - - — - - - - -  j
Paecilom yces sp . ———— —— —4 ——— ———— mm
P en icilliu m  spp. 4 5 5 5 6 6 6 4 5 4 4 4 4 —4 6
Hxialopfcora sp . ———- - mm —- —- — - - - - -
^ricboaenaa sp . —— 3 3 3 4 4 — —6 4 4 4 4 5 6
V ertic illiu m  sp . - - —- —- - - ——— - - ——-
3OTATIACBAE ii
A ltem oria  sp . ——- - - - - - —- - - ———-
AurGO^Sfii^ UIQSP # 3 6 3 3 3 5 —- ——-  !—- 6 —-
.adosporlup sp .
TDBERCtnSIOTcm^
2 •* ** 3 4 5 *• — 4 —— ——4 ——
Jfoicoccuin sp . - - - - - - - — - - - - - - - -
Tusar'ium spp. 
SfflraCPSIDALES
——* — — —*• ——— — 4 ——
M plodia sp . —- - - - - - - - - - - - - - -
Conlothyriuin sp . ———- —- —— - —- - ———mm
Hacropnoma sp . - ——— - - —- - —— - - - —-
Phoma sp . 
flbtbmopsis sp . mm «•» 3 5 4
mm
mm — *•
——
SBESltDSHYOKUU
White c o ls . 
Dark c o ls . 
BASIDIOHICCTES
- -
3 3
- - - - -
mm ■**
- - -
Stereum sp . (1 ; - —- - - - — - - mm - - ——-
(2)
U nidentified  26 
BACTERIA
- - - - - -
—
- - - - - • - - -
B a c illu s sp . 2 5 3 3 3 4 6 - 4 —6 6 6 6 5 —
C lostridium  sp . ———— mm — —— ——— 4 4 - ——
Corynebacterium sp . ———— —— - - - —— - ————
Pseudomonas sp . - ——— - - - 4 - —— - - - 4 —
Sram-negabive rods.
-------------—------------------
3 3 4
|
6 6
33H3EX OF FREQUENCY O^fesBOIEB ON WINTER 
TREATED SURFACE HEARTUOOD.
Tim e
Species.
ACTHTOCTCETSS 
otreptomyces op. 
U n id e n tif ie d  3P.
w z m m i mjSbdidia op,"" 
fficor sp.ibrtierella sp.
m m
i i i o d d t d r u i n  s p .  
Candida- dy. Yeasts (unid ent) 
EUITGI. EIPEPL ECTI
v j  y  * V w u a u o . JU -*■ f
ppiioyo.gpbi.--rim  s p .  
aaBUafiggpyiopsia sp. Cfialara sp.
u x iu u x u u x u ii a.
K T otiodylx sp.
Grapttiuia ST*.
i * Q j l a p o i ^ c  s p  #
tfetarmfzuin sp . 
Ayr o~bliec ium sp . 
Biding dp . 
Baecilomyces sp . 
P eniciijium  spp. 
~ ora sp .
ffpic&oflerma sp .  
V e r t ic i l l iu ia  s p .
K i m g m  * ~
ternarda sp .  
ireob asid iu i.1 sp , ^iadodporium sp.
m s m f m s sm ^hE
>icoccun dp . 
sariuni spp._tr__TTT— — -my+U.<s +
jftp lodp. ap
• g H m an— j r i u a  sp . 
flacroplioma s p .
3aoma sp .
X on op sis  s p .
s/lilte c o i s .
Jork c o l s .3ASIDI0HYCETEG 
stereum  s p . ^
I n id e n t if ie d  26 
JACTERIA 
1 S a c n iu s  sp .
* /lo s tr iU iu r . sp . 
j ioiTOed'acteriiin sp,
scu&oirionas spT  
' jron -n ocn tive  rods
L
- 3
> f**
X z  
\  
& -
P
•©)
<L
3
O', ct
rJr  &
cr'
4
4
5
4 6
£
i
4
r* > \i Ir»
4\fxj
y
4
<4
h*
L
- % 4 J i5 4
. .  4 . .
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MDEX OF FREQUENCY OF SPECIES ON TREATED 
Ci MISTER SAPWOOD DEPTH SITES  ____
Time
Species 
ACTlROmClTES------------
TVEre es sp.
tti3MSSF£rra sp. 
i i h v & x j k ' t ; '
Absidla sp. 
r&icor sp.
: brtierella sp.
JgPQEBCBm
PJiodotorula sp. 
Candida sp.
Yeasts (unident) 
LWnrn-IPERFECTI 
Botryfcis sp. 
CantenuYaria sp.
Ceplialosporium sp. 
dephaiosporiopsis sp, 
dbalara sp. 
chalaropsis sp. 
Gliociadium sp. 
Gliomastix sp. 
Graphiun sp. 
Henlspora sp. 
IletarrbTzura sp. 
Itootheclum sp. 
oldiup sp .~ 
feecilomyces sp. 
Penicillium spp. 
feialopbora sp. 
Trichjpaerma sp. 
Verticiiiium sp. 
n iW M W iE in r  
AltcxnarTa sp.
Aur eoPasidium sp. 
Cladosporium sp.
Epicoccum sp. 
Fusarlum spp. 
5F/a 3m ?IDiALSS 
Diplodia sp. 
Coniotiiypium sp. 
I&crophoma sp. 
gioma sp. 
feomopsis sp. 
T%!m£imCEL3Pi
White cbTs:--------
Dark cols. 
BASIDIOrilCETES 
Stereum sp. (I)
U nidentified  26
m c m ti s —
Bacillus* sp. 
Clostridium sp.
Corr+ichactorium sp. 
feeudomonas spT 
Gram negative rods
3 4 -
ft
A
\
ft
i
f*N»
ft
I
fsi
ft
I
rvl
ft
ft’
4 
4
4 I 4
3
3  -  
-1 -
4 4 
4 -
1 
" 
| 
" 
~ 
i 
i 
, 
• 
* 
a 
k'N 
I 
I " I 
t
i
l
l
 KN 
I
I
I
 
I KN 
1 
11 
1 
I 
I 
I 
I 
1ft 
I 
 ^
II 
I 
I 
I 
I VO
INDEX OP 3?EEQUE1K^ 30F SPECIES ON T R E A T E D  
WESKER HEARTWOOD DEPTH s i t e s .
Time
Species
i
Ac
1
TINOMYCETES
Jtreptom yccs 
Unident ir ied .
e sp.
_  ft £  
7 1 S'
*
& £
1 ft'
i
-  f t
_ ft £ ■£■ ?  
ft •
*  "
£ £^
 ~   ^ Xt/V ft ft "C-
0
1
_ f tft"
f t 4
ft f t  H ^  
d £ [*
O
I
h
M
uxjjL u .erit T i o f f  s p ,
Absidia sp.
Hacor sp. 
Mortierella sp.
'm f l m s m w
Rliodotorula sp . 
Candida sp . 
l e a s t s  (u n id e n t) 
F T M nrniPE R F B C T ITT'Tr-LXO-^ ""  ‘GIT " ■ '5otrytis“ sp. 
CantenuTariaten u l  sp .
Cepbaloapo'riun sp .
C epbalbsporiopsis sp, 
C balara sp . 
CD alaropsla sp . 
CTiociaaluri sp .yjA -i.m ;i uiuu u
gliom as’bix  sp 
Grapliiui.]* sp m  
KenTi------Aicxxxspora sp . 
He^aSSECzum sp
TJIL'J™  *JL1 ■ttyrotbecium sproH
O i d i u b  b p ! 
feeciiom yces sp, 
" .c illitLum spp,IX. V7XJLJLUXXXXUUi1 OU
feiialopbbra sp
Tricbod arraa sp .
Ve r i; ic i l l iu ia  sp .
^ f e m a n i a  sp . 
Aureobasidium sp,mr ’ t  ';nm ■■ *
Epicbccum sp 
rnsarium  spp. 
sH gm resiP A T Es
M p lo d ia  sp , rrjAI»^ XUUJLU OJJ0lanio'ttorium  sp, 
Macropnorin sp . 
llioiaa sp . 
lliom opsis sp .
White c o la .
Dark c o ls .  
BAEIDIONYUETES,  Siereum spi r'r'
T i]
U n id en tified  26
m s m m —
S a c illu s  sp . 
D lostrid ium  sp . 
[dorynebacteriuni sp, 
pseudomonas sp.* 
Cram n eg a tiv e  rods
4 -
*O
l*l
 - 
tl
INDEX OF FREQUENCY OF SPECIES ON SPRING 
UNTREATED SURFACE SARJOOD/&EARTWOOD
SITES_______________ ___
-164-
Tine
Species
ACT ETQTIXCSTES 
S-breptooyces sp, 
u n id e n tif ie d  sp,
r a m :s?crM
Ads'idia dp.
nxicor sp . 
^ Io r t ie re l la  cp .
Aodotori& a sp .
Candida sp . 
Y easts (u n id e n t) 
FUNGI PDPERFECTI 
Bo'tir^ij3^ sp .B
DP,
Cepiialosnorium sp . 
Cepli'al o sp b r i ops i s  sp,
Clxal'aja ap. 
Chaioxopsis sp . 
G lioclaaium  sp .
G T ionastlx"sp .
Grdpliium sp .
I ^ H s p p r a  s p ^ H
Netarrliisuin sp .
rl:/r'otliGciun sp . 
Qidiun sp . 
A ecilom r/ces sp, 
UcniciTTn-UD spp,
idiial'opliora sp . 
l¥ichoaerm a sp .
^erticxX IIar: sp .
ii m s m s m r
A I~tcn~ia op.
'Inredbaolriium sp .
vTadbdpoHxETsp . 
H ira r ra m c E A E
Hpicocctun sp . 
Fusarium spp• 
ETOl'J M ^ IDAIES 
D ipiodla sp . 
CToniodpFium sp . 
AcropTiora sp . 
Aoma sp', 
A o 'npsis sp*
u h ite  c o ls .
Dark c o ls .  
B/iGIDIONICETES 
Steroum sp . (1 )
U n id en tified  26 
BACTERIA 
B a c illu s ’ sp .
C lostrid ium  op.
Coirniebacterium sp, 
Pseudomonas sp .
Gram n eg a tiv e  ro d s .
i i i
S H  is
n m R w f t
&
vO
cV
o
i
<5~
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INDEX OS' FREQUENCY OF SEECIES ON SIRING 
UN5REA.mil) DEHCH HEAPJVOOD/SAPUOOD SITES
3 ,5  5  ^
Time
jpecies
ACTINOIIYCETES 
fftreptonyco s s p .  
U n id en tiiie d  sp .
A bsid ia sp . 
Ixucor sp . 
n o r t l e r e l l a  sp .
ffiodo to ru ia  sp . 
Candida sp . 
Y easts (u n id e n t) 
FUNGI HffERFECTI 
f fo try tis  sp .
C a tm y lah ia  sp . 
Cephalosporium sp .
C epbal o sp o ri ops i s  sp .i ll  >mwrnm< ■ II I I I mum m IMI . leJUiMww **C kalara sp . 
G lialaropsis sp . 
G iioclaaium  sp . 
G liom astix  ap . 
draphiun sp . 
i len ispora sp . 
let'oxTMzuE sp .
Ureo th ec iu n  sp . 
Oidi'um sp . 
feecilom yces sp, 
Y e n ic ill iu n 3 p p ,
±hAalopb.ora sp .
Trichodcrma sp .
T c r t ic i l l iu m  sp .
..
A lternaria  sp . 
Aurcobaaidium sp . 
Cladosporium sp . 
IT O l^ lT M ^ lC E A F  
Apicoccum sp . ~~
iu sariu m  spp. 
M p lo d ia  sp .
Coniothyriuin sp . 
Ih c ropliona sp .
feoma sp . 
ihomopsis sp .
White c o ls .”
Dark c o ls .
BA3IDIOMICETES 
otereum sp .
U n id en tified  26 
BACTERIA 
B a cillu s sp . 
C lostridium  sp . 
Corynebacterium  -  sp 
" soudomonas" ap."
Crain n eg a tiv e  rods
ft
V)
t
jiirfwckxD
<4- f t
*
ft
ft A
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INDEX OF FREQUENCY OF SPECIES ON TREATED 
SPRING SAJW00D/5KARTW0QD SURFACE SITES
T im e
S p e c ie s
ACTINOMYCETES
rcesS t re p  to  my Cf 
U n id e n ti f ie d
s p ,
A b s id ia  sp .
s p .
Ilucor sp . 
M o r t i e r e l l a sp,
hhodoto  r  uTa sp .
C andida sp .
Y eas ts  ( u n id e n t ) 
FUNGI IMPERFECTI
B o t r y t i s  sp, 
C a te n u la r ia  sp .
C h a la ro p s is  sp . 
G lio c lad iu m  sp .
G l io m a s t ix sp . 
Grapbium sp .
M enlspoTa sp . 
ile ta jrkT zum  sp,
H yro tbecium  sp, 
p ld ium  sp .
sp, 
spp,
U aecilom yces 
P e n ic i l l iu m
id iia lo p b o ra  s p . 
T richoderm a sp .
V e r t ic  i I I iu m  sp,
A d t e r p n r i a sp . 
A ureobasid ium  sp . 
C ladosponum  sp .
TTO®Cfe3S3nTOEAE
Epicoccum  sp . 
E usarrum  sp p .
' g m ’jiRDPSIDAIE S  
D ip lo d ia  s p .
C onio tliy rium  sp . 
Hacrophoma sp .
Bioma s p l  
Phom opsis s p .
STErILIaKycelia
V/hi t  e c o l s .  
Dark c o ls .  
BASIDIOMYCETES 
S tereum  sp,
C ep h a l o sp o r  ium' sp,
C ep h a lo  sp o r io p  s i s  sp . 
C h a la ra  sp .
.2)
U n id e n t i f ie d  26 
BACTERIA 
B a c i l lu s  sp . 
C lo s tr id iu m  sp . 
C o ry n eb ac te riu m  s p .
Pseudomonas sp . 
Gram n e g a t iv e  ro d s
ft^  ft f t  
crV
ft
YL H  
£AJWi)OD
4
4
4
ft
4
4
4
4
ft•3--
ft
cr
* \f t
»/v
3
ft
heartuood
ft
ftlo"
4
ft
ft/
. f tq r
4
ft
i
ft
re
4
-167-
INDEX OF FREQUENCY OF SPECIES ON TREATED 
SPRING SAPV/OOD/HEARTWOOP DEPTH SITES"
T im e
S p e c ie s
AC TINOHYCETES
S t reptonp/c 
U n id e n t i f ie d  sp .
rces sp,
A b s id ia  sp . 
Hueor s p .
I l o r t i e r e l l a  sp .
ASCOl-TiCHHS
R h o d o to ru la  sp . 
C andida sp .
Y eas ts  ~ (u n id en t)
F W (T r“EJPERFECTI
B o t r y t i s  s p . 
C a te n u la r ia  sp .
C e'plial o sp o rium  sp .
Cep!halosp o r lo p s i s  sp, 
C lia la ra  sp .
C iia la ro p s is  s p . 
G lio c la a iu m  sp .
G lio m a s tix  sp . 
GraplSiium sp .
rien ispo 'ra  s p .
HetarrHTzum sp . 
H yxotheeium  sp . 
Oidium sp .
E a e c ilo n y c e s  sp . 
P e n ic i l l iu m  sp p .
A ia lo p l io r a  sp . 
T ricboaerm a sp . 
V e r t ic u l l iu m  sp
D E M  l A 'C W
A l t e r n a r i a sp . 
A ureobasid ium  sp .
C la d o s p o r iu m s p .
W B F l^ to m iC E A E
Epicoccum  sp .' 
F usarium  spp
's m m n p s iD A iJBs
D ip lo d ia  sp."
C*oniotnyrium sp, 
Hacropliorma sp . 
Hioma s p .
E l i o  mops i s  sp .
gmTLIAMYCELIA 
W hite c o l s . '
Dark c o l s .
BAS IDIOT1YCETES 
S tereum  s p .  (T 
(2!
U n id e n t i f ie d  26 
BACTERIA 
B a c i l lu s  s p . 
C lo s tr id iu m  sp .
C o ry n e b a c t erium  sp . 
Pseudomonas sp .
Gram n e g a t i  e r o d s .
-5. $
lli/b O D
4
-  3
o &■
i
CiMITVWOi
**
1
cr
3 3
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APEENDIX
I I
w i nt e r wo un d s DIST VECTOR 1
-5.152 “5.923 -5+38 “3.607 “2 +03 -6,180 -5,941 -7,445 WSSU1
■6,c>92 “5.665 0 + 1 ‘- “3.930 -7.445 -5.999 -5.99V -1.357 WSSU2
•4.257 “4.955 “5+22 "2.261 "1,364 “7.445 -7,013 -6.441 WSHU3
‘2,410 -3+62 -6.191 “7.380 "3,616 “7.360 -7,655 -3,930 WSHU4
•5.073 " 6 . 0 1 5  "4,421 "3.548 "6.646 “5.046 -4.742 -4.685 WSDU5
•2,596 "t.840 -4,963 "5,113 "3, 709- 0,569 "3,331 -5.730 WSDU6
•1,221 “,.'.25 7 "2+74 “1 884 "1.340 -6.359 -6,065 -3,186 WHDU7
•4.127 “0.191 -5,592 “5.592 “3.762 -3,762 -2.472 -5,730 WhDU8
'2.008 “ 4 . 9 1 3  -5+59 “5.959 "6,33c -3.684 -4.014 -3.530 W S S T 9
•3,532 “6.023 -3+9o “5.038 “3.530 “6.902 -5,184 "5.814 WSST10
-4,317 “7.174 “3.001 "3.739 "4.241 “6.734 -5.561 -1.242 WSHT11
'4, 557 “2.007 -4+07 "4.242 "*,.242 “2. 575 "3, 51 2 -4.095 WSHT12
'2.948 “3.9.50 -3 +  22 “2.204 “2,000 -2.864 -2,133 -4,934 WSDT13
-4,561 "0.827 "0-908 "4.439 “3.481 “5.938 0,951 -4.646 WSDT14
-1,684 -3.603 W
-3,762 -6,578 U
WINTER WOUNDS DISTVECTOR 2
Y ' ! ! a +  +  0* -4.015 "3,638 “3.930 -1.684 -3,603 HDT15
■6,441 "5,561 -1,912 "2,997 "6.242 "6.242 -3,762 -6,578 WHDT16• n * ~
•1+72 “1+74 -0+04
“0,135 
“0.939 
"1.332 
"0,688 
2.267
0.72 
0.512 
u. 622 
0,62o 
“1,239
4 .  188 
'0.924 
“1 . 557 
1 . 567 
-0.926
-0.464 
-3.131 
"1.243 
"1.192 
"1.143
1 .300 
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